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Appendix A:  SCPN Park Units Enabling* Legislation and Relevance to Inventory and Monitoring 
Program 
 
SCPN 
Park 
Unit 

Enabling 
Legislation* Significance to Inventory and Monitoring 

AZRU Presidential 
Proclamation 1650  
(42 Stat. 2295, 
appended) 

In recognition of a "ruin of great antiquity and historical interest," President Warren G. Harding established the national 
monument "with a view to the preservation of said ruin for the enlightenment and culture of the Nation."  

BAND Presidential 
Proclamation 1322 
(39 Stat. 1764) 

“. . .certain prehistoric aboriginal ruins…, are of unusual ethnologic, scientific, and educational interest, and it appears that the 
public interests would be promoted by reserving these relics of a vanished people, with as much land as may be necessary for 
the proper protection thereof. . .” 

CACH Presidential 
Proclamation 1945 
(35 Stat. 2119) 

“To care for, maintain, preserve, and restore the prehistoric ruins, or other features of scientific or historical interest within the 
area.” 

CHCU Presidential 
Proclamation 740 
(35 Stat.2119) 

“. . . the extensive prehistoric communal or pueblo ruins . . . are of extraordinary interest because of their number and their 
great size and because of the innumerable and valuable relics of a prehistoric people which they contain, and it appears that 
the public good would be promoted by preserving these prehistoric remains as a National Monument with as much land as 
may be necessary for the proper protection thereof.” 

ELMA Public Law 100-225 
 

“ In order to preserve for the benefit and enjoyment of present and future generations, that area in western New Mexico 
containing the nationally significant Grants lava flow, the Las Ventanas (Candelaria) Chacoan Outlier Archaeological Site, and 
other significant natural and cultural resources, there is hereby established the El Malpaís National Monument. . .” 

ELMO Presidential 
Proclamation 695 
(34 Stat. 3264) 

To protect “…the rocks known as El Morro and Inscription Rock in the Territory of New Mexico . . . which are of the greatest 
historical value . . .”    

GLCA Public Law 92-593 
(86 Stat. 1311) 

To “. . .provide for public outdoor recreation use and enjoyment of Lake Powell and lands adjacent thereto in the states of 
Arizona and Utah and to preserve the scenic, scientific, and historic features contributing to public enjoyment of the area. . .” 

GRCA 40 Stat. 1175 Grand Canyon National Park was first set aside as a “Public park for the benefit and enjoyment of the people” 
HUTR Public Law 89-148 The national historic site was set aside “…to preserve and protect the post and its environs for the benefit and enjoyment of 

the public…” 
MEVE 34 Stat. 616 The designation of the park “…shall provide specifically for the preservation from injury or spoliation of the ruins and other 

works and relics or primitive man within said park.” 
NAVA Presidential 

Proclamation 873 
(36 Stat. 3266) 

“Whereas, a number of prehistoric cliff dwelling and pueblo ruins, situated within the Navajo Indian Reservation, Arizona, and 
which are new to science and wholly unexplored, and because of their isolation and size are of the very greatest ethnological, 
scientific, and educational interest, and it appears the public interest would be promoted by reserving these extraordinary ruins 
of an unknown people, with as much land as may be necessary for the proper protection thereof . . .”  

PEFO Presidential 
Proclamation 697 
(34 Stat. 3266) 

“And, whereas, the mineralized remains of Mesozoic forests, commonly known as the ‘Petrified Forest’ …are among the 
greatest of scientific interest and value and it appears that the public good would be promoted by preserving these 
deposits…with as much land as may be necessary for proper protection thereof.”   



Southern Colorado Plateau Network Phase Two – Appendix A – SCPN Parks Legislation 

- A2 - 

 
SCPN 
Park 
Unit 

Enabling 
Legislation* Significance to Inventory and Monitoring 

PETR Public Law 101-313 “In order to preserve, for the benefit and enjoyment of present and future generations, that area in New Mexico containing the 
nationally… significant natural and cultural resources, and to facilitate research activities associated with the resources, there 
is hereby established the Petroglyph National Monument …as a unit of the National Park System.” 

RABR Presidential 
Proclamation 1043 
(36 Stat. 225) 

“Whereas, an extraordinary natural bridge, having an arch which is in form and appearance much like a rainbow…it appears 
that the public interest would be promoted by reserving this bridge…together with as much land as may be needed for its 
protection.” 

SAPU Public Law 96-550 The Monument was established to "… set apart and preserve for the benefit and enjoyment of the American people the ruins 
of prehistoric Indian pueblos and associated seventeenth century Franciscan Spanish mission ruins. . ." 

SUCR Presidential 
Proclamation 1911 
(46 Stat. 3023) 

" Whereas, certain geologic formation on lands of the United States within Coconino National Forest…are of scientific and 
public interest, and whereas proper protection of such formations appear desirable…the national monument hereby 
established shall be the dominant reservation, and any use of the land which interferes with its preservation or protection as a 
national monument is hereby forbidden." 

WACA Presidential 
Proclamation 1318 
(39 Stat. 1761) 

“Whereas, certain prehistoric ruins of ancient cliff dwellings situation upon public lands of the United States, and located in 
what is commonly known as Walnut Canyon . . . are of great ethnologic, scientific, and educational interest, . . . it appears that 
the public interests would be promoted by reserving those relics of a vanished people . . .” 

WUPA Presidential 
Proclamation 1721 
(43 Stat 1977) 

Wupatki  National Monument was set aside because of its “…two groups of prehistoric ruins” and “… the public interest would 
be promoted by reserving these prehistoric ruins…with as much land as may be necessary for proper protection thereof.” 

YUHO Presidential 
Proclamation 1549 
(41 Stat. 1781) 

This monument was established “…with a view to the preservation of said ruin and preservation deemed to be in the public 
interest.”  

* Legislation included in the table are those that authorized the original establishment of land reservation, along with their particular and original relevance to the I&M program.  
Subsequent changes in boundaries or status (i.e., from national historic monument to national historic park) are not considered here. 
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Appendix B:  SCPN Water Resources 
 
Introduction & Background 
The National Park Service Natural Resource Challenge (NRC) provides funding for water quality 
monitoring within NPS units.  The purpose is to track the attainment of the Service's long-term water 
quality strategic goal of significantly reducing pollution in park water bodies.  Specifically, the goal was for 
85% of park units to have unimpaired water quality by September 30, 2005.  The NPS is also committed 
to preserving existing pristine water quality in parks, including waters classified as Outstanding National 
Resource Waters (ONRW's) or state-equivalent listed waters.  As part of this initiative, starting in FY2003, 
the SCPN received $124K per year from NPS Water Resources Division (WRD) to conduct water 
resource monitoring and assist in achieving several NPS objectives:  
 

• Protection of designated uses which involve 303(d)-listed waters, Outstanding Natural Resource 
Waters, or other designated waterbodies under provisions of the Clean Water Act.   

• Documentation of water quality parameters that are vulnerable to alteration from various sources 
of contamination or land use practices. 

• Establishment of water quality parameters useful for indicating ecosystem integrity of particular 
water resources. 

• Establishment of baseline conditions. 
 

Specific network objectives for water resources monitoring should not only address legal mandates such 
as the Clean Water Act but also provide data for the following uses: 
 

• To support management in relation to 303(d) listing of waters, designation of Outstanding 
National Resource Waters, and to protect designated uses. 

• To support management of threatened, pristine, or unique waters. 
• To assess the status and trends of selected aquatic/riparian/wetland ecosystem indicators  
• To identify water resource decline leading to mitigation and establishment of partnerships for 

protecting and improving the condition of park water resources. 
 

The emphasis of the NPS/WRD and the NRC is on water quality; however, the SCPN also acknowledges 
the importance of water quantity in the arid southwest. In many of the fluvial ecosystems in this network, 
the impact of drought and flood events will far outweigh that of water quality.  Likewise, changes in 
regional aquifer levels predict flows from springs and affect ecological integrity of associated 
communities.   Monitoring water quantity as well as quality is essential in order to adequately address 
water resource issues in the SCPN.  As recommended by the NPS/WRD, the network will integrate the 
design and implementation of water quality monitoring within the broader monitoring program.  
Consequently, water quantity and water quality issues will be considered simultaneously during the vital 
signs selection process.   
 
Southern Colorado Plateau Network Strategy  
Water quality monitoring will be fully integrated into the three-phase design effort currently underway in 
the SCPN.  In FY2003, SCPN water quality monitoring efforts included: 1) partnering with USGS/WRD to 
synthesize electronically available water quality data for SCPN parks, and 2) completing water resource 
scoping and data mining in all SCPN parks to identify monitoring needs.  In FY2004, the network 
continued funding of the USGS/WRD water quality data synthesis (to be completed in FY2005).  
NPS/WRD provided additional funding to conduct Level 1 baseline water-quality inventories of 57 key 
water bodies in 13 SCPN units.  These projects, in conjunction with existing information sources, will 
provide a sound basis for identifying and prioritizing long-term water quality monitoring needs.   
 
Task Agreement with USGS-WRD to Synthesize Available Water Quality Data  
In FY 2003, SCPN established a task agreement with USGS/BRD (Principal Investigator: Kirby Wynn, 
Western Slope Sub-district, Grand Junction, CO).  The project involves acquiring water quality data 
(abiotic and biotic) that is available in electronic formats (Storet Legacy, Storet X, NPS, USGS NWIS, 
state), incorporating the data into an Access database developed for NCPN, and performing cleaning and 
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qa/qc procedures to prepare the data for analysis.  A second phase of the agreement will address data 
analysis and interpretation to identify trends and patterns in water quality and water quantity conditions, 
compare water quality conditions to selected standards, and assess the adequacy of existing data to 
meet monitoring objectives. 
 
Water Resource Scoping and Park Data Mining to Identify Monitoring Needs 
For Phase I, the SCPN contracted with Lynn Cudlip, Bio-Environs, Inc., to take the lead on SCPN park-
specific water resource scoping.  In 2003, Lynn visited SCPN parks to meet with park personnel, become 
familiar with individual park resources and issues, and gather water-resource related information that may 
not be available outside each park.  The results were synthesized in park narratives and returned to park 
staff for their review.  This effort has assisted in describing water resource concerns and issues across 
SCPN parks.  Further input was given by additional visits to the parks in FY2004 and research and data 
mining conducted by Colleen Filippone, hydrologist with the Southern Arizona NPS office.  This appendix 
summarizes the results of water resource scoping with emphasis on water quality and is provided for the 
purpose of inventory of water bodies that could potentially be the focus of long-term monitoring for the 
parameters associated with water quality and aquatic ecosystems.  Determination of which of these 
candidates will be monitored, what will be monitored, and how, where and on what schedule the 
monitoring will occur, will be developed during Phase III. 
 
Riparian and Aquatic Ecosystem Workshop 
In March of 2004, SCPN held a two-day workshop to identify and prioritize vital signs relating to riparian 
and aquatic ecosystems.  See Appendix L for a detailed description.   
 
Legal and Administrative Context for Monitoring Water Resources 
Numerous regulations and policies address the protection of water resources.  Park service managers 
must balance the conservation of natural resources with visitor enjoyment and recreational use.  The 
following provides a general description of the federal, tribal, and state regulations and policies that 
influence condition and ensure fishable, swimmable and potable waters.  Authority for general resource 
monitoring has been previously covered in Part I of the body of this Phase Two Report (See Appendix A - 
SCPN Parks Legislation Table).  However, water resource specific legislation needs to be emphasized 
here and is therefore included in the following discussion. 
 
Federal Legislation and Executive Orders 
The Federal Water Pollution Control Act (the Clean Water Act 33 U.S.C. 1251, et. seq.), passed in 1972, 
set goals for fishable and swimmable waters by 1983 and no further discharge of pollutants into the 
nation's waterways by 1985.  These goals have been attained via two main programs.  First, a federal 
grant program made funds available for constructing municipal sewage treatment facilities.  Secondly, 
Title IV of the act limited further discharge of pollutants.  The National Pollutant Discharge Elimination 
System, a permit system for point-source dischargers, reflects the program’s "effluent limitation" 
approach.  Further, the Environmental Protection Agency has set limits for pollutants that may be 
released based on available technology and cost of treatment for various industrial categories. 
 
The Act also recognizes state primacy in managing and regulating the nation's water quality.  The states 
implement water quality protection, as promulgated by the Act, through water quality standards.  
Standards are comprised of classifications which represent designated uses for prescribed stream 
segments.  Identified standards include physical, chemical, and biological characteristics that when 
applied to a segment will ensure protection of the designated uses on that segment. 
 
One of three levels of protection is afforded any particular stream segment.  As the foundation, 
designated uses are protected, and degradation of water quality cannot extend beyond a level detrimental 
to the designated use or uses.  A second tier of protection is afforded those segments where water quality 
exceeds that which is needed to support swimming and fishing.  Only limited degradation can occur in 
these waters, and only after an anti-degradation review that disallows substantial impacts to water quality.  
Social and economic aspects of the impacts are considered in evaluating the activity which may impact 
the stream segments.  The last tier of protection calls for no degradation of the stream segment once it 
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has been designated as such.  These waters are referred to as High Quality - Category 1, Class 1, 
Unique, or Outstanding Natural Waters depending on the state nomenclature. 
 
The Clean Water Act with the 1987 amendments introduced new initiatives with emphasis on non-point 
source pollution control programs, toxics controls, and management of coastal and near-coastal waters.  
In addition, the Act, in Section 404, protects wetlands as these have been interpreted to be waters of the 
United States.  
 
The Act induces parks to take part in triennial reviews, continue with monitoring programs, analyze 
available data, and interact with the states within which the parks reside.  Under Section 303(d) of the 
Clean Water Act, each State must prepare a list of waters that are not meeting their water quality 
standards.  The National Water Quality Inventory Report to Congress 305(b) is the primary vehicle for 
informing Congress and the public about general water quality conditions in the United States.  This 
document characterizes water quality, identifies widespread water quality problems of national 
significance, and describes various programs implemented to restore and protect waters (Environmental 
Protection Agency 2001a).  The lists of impaired waters contained in the 305(b) report must be submitted 
to EPA for review and approval every April of even years (Environmental Protection Agency 2001b).  In 
cases of impaired waters, Section 303(d) requires states to develop Total Maximum Daily Loads with 
oversight from the Environmental Protection Agency.  A Total Maximum Daily Load allocates pollution 
control responsibilities among pollution sources in a watershed and is the basis for taking the actions 
needed to restore a water body. Table B1 shows the list of Section 303(d) listed waters that fall within the 
boundaries of SCPN parks. 

 

Table B1.  Impaired waters included on Section 303(d) list that are found inside SCPN park unit 
boundaries1. 

Name of 
Waterbody Description State 

Park 
Unit Exceedences 

Animas River 
From Estes Arroyo to the NM-CO 
border NM AZRU Sedimentation and temperature 

Capulin Creek 
From the mouth on the Rio 
Grande to the headwaters NM BAND 

Benthic/macroinvertebrate bioassessment and 
sedimentation 

Rito de los 
Frijoles Rio Grande to headwaters NM BAND Fecal coliform, temperature, turbidity 

Colorado River 
Parashant Canyon to Diamond 
Creek AZ GRCA Selenium, suspended sediments 

Paria River Utah border to Colorado River AZ GLCA Suspended sediments, and possibly turbidity 
On Planning List Due to Lack of Sufficient Data 

Lake Powell Entire Lake AZ GLCA 
1 E. coli exceedence in last 3 years, inconclusive 
data for other core parameters 

Colorado River Lake Powell to Paria River AZ GLCA 
Missing core parameters (total fluoride & total 
boron) 

1Information for this table from 2004 Integrated 505(b) Assessment and 503(d) Listing Report for Arizona and 
 2004-2006 State of New Mexico Integrated Clean Water Act 303(d)/305(b) Report Water Quality and Water Pollution Control in 
New Mexico  
 
The Safe Drinking Water Act (40 CFR parts 141-144) (1974 and Amendments 1986) applies to developed 
public drinking water supplies.  It sets minimum national standards and requires regular testing of drinking 
water for bacterial contamination, metals, volatile organics, and nitrates.  At the bequest of the supplier, 
some testing can be waived.  Individual park units must assure "that water supply systems are properly 
operated and maintained..." (National Park Service 1993a). 
 
Where applicable, the parks tests for total coliform and residual chlorine on a schedule developed by the 
state for systems serving the public.  Bacteriological testing may occur bi-weekly.  Unless exempted, 
potable waters require testing for metals, nutrients and organics. 
 
The National Environmental Policy Act (42 USC 4371 et seq) requires that any major federal action which 
may significantly affect the environment (including the human environment) be reviewed via the National 
Environmental Policy Act process.  For example, major actions that correspond to the Endangered Fish 
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Recovery Program of the Upper Colorado, remediation of abandoned mine sites or oil and gas sites, 
management of the floodplains where facilities or campsites are located, and discharge to wetlands may 
come under the auspices of the National Environmental Policy Act. 
 
The Endangered Species Act (1973) requires that all entities using federal funding must consult the 
Secretary of Interior on activities that potentially impact endangered flora and fauna (Section 6).  It 
requires agencies to protect endangered and threatened species as well as designated critical habitats.  
Four endangered fish species which inhabit the Colorado River in or near Grand Canyon and Glen 
Canyon fall under the auspices of the Endangered Species Act.  The Colorado pikeminnow 
(Ptychocheilus lucius), humpback chub (Gila cypha), razorback sucker (Xyrauchen texanus), and the 
bonytail chub (Gila elegans) are the species included in the Recovery Program for the Endangered 
Fishes of the Upper Colorado. 
 
The Government and Performance Act of 1993 (Public Law 103-62) implies that parks have means of 
measuring or quantifying results of management activities.  Regarding water quality, these indicators or 
threshold measures are intact in the form of water quality standards.  More importantly the 303(d) listing 
of water segments signifies the inability to meet certain standards.  Although it is the state’s job to institute 
total maximum daily loads and ensure that the contaminant is reduced, it is the park’s job to coordinate 
with the state and ensure that water quality standards can be met.  The Natural Resource Challenge 
proposes $2.9 million annually to fund park water quality monitoring.  Approximately 60% of the proposed 
funding is earmarked for monitoring impaired waters, and approximately 40% is for pristine waters 
(National Park Service 2000b). 
 
Executive Orders Influencing Water Resources 
Floodplain Management (E.O. 11988),([3CFR 121(Supp 177)] addresses protection and management of 
floodplains.  The objective of this executive order is to "...avoid, to the extent possible long- and short-
term adverse impacts associated with the occupancy and modifications of floodplains, and to avoid direct 
and indirect support of floodplain development whenever there is a practical alternative."  In effect, this 
order directs the parks to avoid development in floodplains and to adhere to the Floodplain Management 
Guidelines (National Park Service 1993b). 
 
In managing floodplains on park lands, the National Park Service will (1) manage for the preservation of 
floodplain values; (2) minimize potentially hazardous conditions associated with flooding; and (3) comply 
with the NPS Organic Act and all other federal laws and Executive orders related to the management of 
activities in flood- prone areas, including Executive Order 11988, NEPA, applicable provisions of the 
Clean Water Act, and the Rivers and Harbors Appropriation Act of 1899. 
 
The Protection of Wetlands Executive Order (E.O. 11990)[3CFR 121 (Supp 177)] directs federal agencies 
to "...avoid to the extent possible the long- and short-term adverse impacts associated with the 
destruction or modification of wetlands and to avoid direct or indirect support of new construction in 
wetlands whenever there is a practical alternative...".  This order stipulates that the park avoid impacts to 
wetlands. 
 
The Service will manage wetlands in compliance with NPS mandates and the requirements of Executive 
Order 11990, the Clean Water Act, and the Rivers and Harbors Appropriation Act of 1899, and the 
procedures described in Director’s Order 77-1: Wetland Protection.  NPS will (1) provide leadership and 
take action to prevent the destruction, loss, or degradation of wetlands; (2) preserve and enhance the 
natural and beneficial values of wetlands; (3) avoid direct and indirect support of new construction in 
wetlands unless there are no practicable alternatives and the proposed action includes all practicable 
measures to minimize harm to wetlands; (4) implement a “no net loss of wetlands” policy and strive for a 
longer term goal of net gains of wetlands across the park system through restoration; and (5) restore 
those wetlands that have been degraded or lost due to human actions.. 
 
The Service will conduct or obtain parkwide wetland inventories to help ensure proper planning with 
respect to the management and protection of wetland resources.  Additional, more detailed wetland 
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inventories will be conducted in areas that are proposed for development or are otherwise susceptible to 
degradation or loss due to human activities. 
 
When practicable, the Service will not simply protect, but will seek to enhance, natural wetland values by 
using them for educational, recreational, scientific, and similar purposes that do not disrupt natural 
wetland functions. 
 
For proposed new development or other new activities, plans, or programs that are either located in, or 
otherwise have the potential for direct or indirect adverse impacts on, wetlands, the Service will employ 
the following sequence: 
 

• Avoid adverse wetland impacts to the extent practicable; 
• Minimize impacts that cannot be avoided; and 
• Compensate for remaining unavoidable adverse wetland impacts by restoring wetlands that have 

been previously destroyed or degraded. 
 
Compensation for wetland impacts or losses will require that at least one acre of wetlands be restored for 
each acre destroyed or degraded. 
 
Actions proposed by the NPS that have the potential to cause adverse impacts on wetlands must be 
addressed in an environmental assessment or an environmental impact statement.  If the preferred 
alternative will result in adverse impacts on wetlands, a statement of findings must be prepared and 
approved in accordance with Director’s Order #77- 1. 
 
Tribal Laws Affecting Water Resources 
Four SCPN parks (CHCU, CACH, HUTR, NAVA) are located within the Navajo Nation.  Tribal law related 
to water resources extends to these parks.  The Navajo Nation Environmental Protection Agency houses 
the Water Quality/NPDES program.  The policy of the Navajo Nation Council is to protect the health, 
safety, welfare and environment of the Navajo Nation and its residents.  Also the Council finds that 
degradation of the Navajo Nation’s waters shall be minimized.  To that end, the Director of the Navajo 
Nation Environmental Protection Agency promulgates water quality standards and establishes designated 
uses of 1) public water supply, 2) protection and propagation of fish and wildlife, 3) recreation purposes, 
4) agriculture, 5) industry, and other purposes taking into account their use and value for navigation and 
the cultural value and use of the water.  While they do not have to conduct triennial reviews or develop 
305(b) reports, they do prepare a yearly water quality monitoring report (Navajo Nation, Water 
Quality/NPDES staff, pers. comm., 8/12/03). 
 
State Water Resources Legislation 
The River Network (2002) provides a link to each state’s actions regarding the Clean Water Act including 
listing of designated uses, anti-degradation policies and implementation of total maximum daily loads, and 
Tier III waters (summarized in Table B2).   
 
State of Arizona 
The Arizona Department of Environmental Quality is the state regulatory agency charged with protecting 
human health and the environment by enforcing standards of quality for Arizona's air, land and water.  
The Department's Water Quality Division regulates drinking water and wastewater systems, monitors and 
assesses waters of the state, and provides hydrologic analysis to support hazardous site remediation.  
The state outlines ten designated uses ranging from domestic water source to fish consumption to 
aquatic and wildlife uses, to agricultural livestock watering.  They do enforce anti-degradation policies for 
various waters, and also have a Tier III category that they refer to as “Unique waters” (Table B2). 
 
The Department of Environmental Quality’s issues permits to prevent groundwater contamination through 
the Aquifer Protection Permit program.  Many communities in the state depend on groundwater as their 
principal source of drinking water.  To protect such uses, the comprehensive groundwater management 
program in Arizona requires that the department regulate discharge of pollutants that may adversely 
impact aquifers.  The Aquifer Protection Program is responsible for issuing permits to regulate pollutants 
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discharged by facilities including new and existing mines, wastewater treatment plants, and industrial 
facilities. 
 
The Arizona Department of Water Resources is the state agency that regulates groundwater withdrawals 
and surface water supply.  The groundwater regulatory powers focus primarily on areas of the state that 
have been designated as Active Management Areas.  These areas are located where competition for 
ground water is most intense, such as in larger cities and surrounding areas.  Within each of the five 
management areas, there exists a ground water rights system that limits ground-water withdrawals; 
prohibits the development of new irrigated farmland; requires new subdivisions to have long-term 
dependable supplies; and requires measuring and reporting of ground-water withdrawals. 
 
Two programs within the Arizona Department of Water Resources provide grant money and assistance 
for entities wishing to protect their water resources.  The Arizona Water Protection Fund provides an 
annual source of monies for the development and implementation of measures to protect water of 
sufficient quality and quantity to maintain, enhance, and restore rivers and streams and associated 
riparian habitat.  Through the Rural Arizona Watershed Alliance Initiative, the Department assists citizen 
organizations and local governments by providing technical information and analysis, administrative 
support and advice on water issues.  Over the past four years, the Department has provided substantial 
planning assistance to rural areas with expanding populations, limited groundwater resources and unique 
environmental features. 
 
State of Colorado 
The Colorado Department of Public Health and Environment is charged with conserving the state’s 
waters and protecting, maintaining, and improving the water quality for wildlife, aquatic life, domestic, 
agricultural, industrial, recreational and other beneficial uses.  The Water Quality Control Commission is 
the administrative agency responsible for developing specific state water quality policies.  It adopts water 
quality classifications and standards for surface and ground waters of the state, as well as various 
regulations aimed at achieving compliance with those classifications and standards.  The Water Quality 
Division serves as staff to the commission and provides them with recommendations based on 
assessment of the state’s waters. 
 
The state notes nine designated uses of water and their anti-degradation policy relates to those waters 
where existing water quality shall remain the same and discharges to the waters will cause impairment 
only when economic and social needs outweigh the benefits of maintaining the existing water quality 
(Table B2).   
 
Within the Department of Natural Resources, the Division of Water Resources, headed by the State 
Engineer, ensures the competent distribution of water and administers water rights through the 
appropriation doctrine.  This division also permits ground water wells and provides water supply statistics, 
and surface flow data.  The Colorado Water Conservation Board ensures the development, protection, 
and management of Colorado’s waters.  It is the only entity that can hold an instream water right. 
 
State of New Mexico 
The New Mexico Environment Department oversees water quality resources through their respective 
Surface Water and Ground Water Quality Bureaus, and the New Mexico Office of the State Engineer 
oversees quantity issues such as appropriation. 
 
The basic authority for water quality management in New Mexico is provided through the State Water 
Quality Act (§§74-6-1 et seq., NMSA 1978).  This law establishes the Water Quality Control Commission 
as the state water pollution control agency for all purposes of the Clean Water Act, and the wellhead 
protection and sole source aquifer programs of the Safe Drinking Water Act (§ 74-6-3. E., NMSA 1987).  
New Mexico’s current water quality standards define goals for a waterbody by designating uses, setting 
criteria to protect those used, and establishing provisions to protect water quality from pollution.  The 
designated uses include fisheries; domestic, industrial and municipal water supplies; irrigation and 
livestock; and wildlife habitat (Table B2). 
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The state has an anti-degradation policy which notes that existing water quality must be maintained for 
waters.  Also, where water cannot meet state water quality criteria, the uses may not be diminished nor 
the quality degraded unless economic and social development outweighs that degradation.  Lastly, 
ONRW waters may not be degraded.  Changes to the language that describes the anti-degradation policy 
are presented in “Proposed changes to Water Quality Standards, Public Discussion Draft, Feb. 21, 2003” 
(www.nmenv.state.nm.us), and there is a substantial addition regarding establishment procedures for 
ONRW waters. 
 
The Ground Water Quality Bureau preserves, protects and improves New Mexico’s ground-water quality 
through several programs.  For example the Pollution Prevention Section develops and implements 
statewide programs to protect ground water and to provide pollution abatement strategies.  This section 
also issues discharge permits, modifications and renewals.  The state has ground water quality 
standards, and they are available at the state’s website. 
 
Other efforts relating to water quality include the Watershed Protection Program whose mission is to 
develop and implement ways to help reduce human-induced pollutants from non-point sources in surface 
and ground waters. 
 
The New Mexico Office of the State Engineer and the Interstate Stream Commission are separate, but 
companion agencies charged with administering the state’s water resources.  The agencies have the 
power over supervision, measurement, appropriation and distribution of almost all surface and ground 
water in New Mexico, including streams and rivers that cross state boundaries (www.seo.state.nm.us). 
 
State of Utah 
The Utah Department of Environmental Quality recognizes that the pollution of the waters of the state 
constitutes a menace to public health and welfare, creates public nuisances, and is harmful to wildlife, fish 
and aquatic life.  Thus, the Division of Water Quality oversees the protection of the state’s surface waters.  
These waters are protected for domestic purposes, recreation, fisheries, wildlife, and agricultural uses 
(Table B2). The anti-degradation policy relates to waters in Tier II that are neither use-protected nor high 
quality.  Discharges to these waters are reviewed in light of degradation versus economic and social 
benefits.  Tier III waters, called “High Quality Waters – Category 1 or Category 2” are most protected.  
However, a point discharge may be allowed in a Category 2 water if it does not degrade existing water 
quality.  The State of Utah has no streamflow or biological criteria or guidance for water quality. 
 
The Division of Water Resources provides comprehensive water planning, manages the state’s water 
resource construction programs, and protects Utah’s rights to interstate water.  The Division of Water 
Resources also oversees ground water.  Standards and classifications are applied to groundwater 
sources such that operation of facilities which discharge to the groundwater are regulated and permitted.  
Aquifers in the State of Utah are classified as well. 
 
The Division of Water Rights administers the appropriation of water rights for beneficial use.  Also, this 
division regulates activities affecting the bed or banks of streams through a permitting process. 

http://www.nmenv.state.nm.us/
http://www.seo.state.nm.us/
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Table B2.  State-specific Water Quality Regulation and Legislation for Arizona, Colorado, New Mexico, and Utah.  
 Arizona Colorado New Mexico Utah 
Water Quality 
Agency  

Arizona Dept. of Environmental 
Quality Water Quality Division 

Colorado Dept. of Public Health and 
Environment 

New Mexico Environment Department Utah Department of Environmental 
Quality 

Designated 
Uses 

Domestic water source  
Full body contact recreation  
Partial body contact recreation  
Fish consumption  
Aquatic and wildlife (cold water 
fishery)  
Aquatic and wildlife (warm water 
fishery)  
Aquatic and wildlife (ephemeral 
water)  
Aquatic and wildlife (effluent 
dependent water) 
Agricultural irrigation 
Agricultural livestock watering  

Aquatic Life Cold 1 
Aquatic Life Cold 2 
Aquatic Life Warm 1 
Aquatic Life Warm 2 
Domestic Water Supply 
Recreation 1a 
Recreation 1b 
Recreation 2 
Agriculture 

Coldwater fishery 
Domestic water supply 
Fish culture 
High quality coldwater fishery, 
Irrigation 
Irrigation storage 
Limited warmwater fishery 
Livestock watering 
Marginal coldwater fishery 
Municipal and industrial water storage 
Municipal and industrial water supply 
Primary contact 
Secondary contact 
Warmwater fishery 
Wildlife habitat. 

Domestic water systems (raw) 
Domestic water systems (treated) 
Recreational and Aesthetic 
Primary Contact recreation  
Secondary contact recreation  
Use by aquatic wildlife 
Cold water species of game fish 
Warm water species of game fish 
Non-game fish 
Waterfowl and other wildlife 
Severely habitat-limited waters 
Agricultural uses (livestock, irrigation) 
Great Salt Lake 

Streamflow 
criteria 

No information no No, but see “Proposed changes to 
Water Quality Standards, Public 
Discussion Draft, Feb. 21, 2003” 
(www.nmenv.state.nm.us). 

no 

Biological 
Criteria or 
guidance 

no no In process “unlawful… to discharge or place any 
waste or other substance in such a 
way as will be or may become 
offensive such as unnatural deposits, 
floating debris, oil, scum or other 
nuisances such as color, odor or 
taste; or cause conditions which 
produce undesirable aquatic life or 
which produce objectionable tastes in 
edible aquatic organisms; or result in 
concentrations or combinations of 
substances which produce 
undesirable physiological responses 
in desirable resident fish, or other 
desirable aquatic life, or undesirable 
human health effects…” 

Antidegradation 
policy 

State's Surface Water Quality 
Standards rules at R18-11-107. 
guidance document entitled 
"Implementation Guidelines for the 
State of Arizona Antidegradation 
Standard. 

"Basic Standards and Methodologies 
for Surface Waters" (5 CCR 1002-31) 

New Mexico has antidegradation 
incorporated into the Water Quality 
Standards in Section 20.6.4.8 NMAC 

"R317-2 Standards of Quality for 
Waters of the State." 

Tier III waters? 18 “Unique” waters “Outstanding Waters” (no formal list) None listed “High Quality Waters” 

http://www.nmenv.state.nm.us/
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Non-NPS Water Resources Monitoring Efforts 
The Southern Colorado Plateau Network parks reside in four states and also within the Navajo Nation.  
Each of these entities has a specific departments that oversees water resources.  The division or bureau 
responsible for water quality typically analyzes water for triennial reviews.  These reviews require staff to 
collect water samples and recommend changes to numeric standards and designated uses based on 
analysis of the water quality data.  The water quality control commissions then provide a rulemaking 
which updates the state’s standards.  Of all the states, Utah works most closely with the National Park 
Service.  Since the State of Utah staff cannot visit many sites in the state, they offer a cooperative effort 
for assessing waters; the park and state select sites of interest, park staff collect samples, and the state 
analyzes these samples at their expense. 
 
The states, typically through water resources departments, monitor water quantity as it relates to water 
rights.  They also invest time in monitoring ground water.  Due to the importance of groundwater in the 
SCPN region, programs which monitor and manage groundwater are critical.  The Arizona Water 
Resources Department through their Water Protection Fund has funded a three-year study to determine if 
development outside the Grand Canyon National Park and subsequent water withdrawals will affect park 
seeps and springs (J. Rihs, GLCA, pers. comm., 7/22/03). 
 
Of all the federal agencies, the United States Geological Survey (USGS) is most involved in monitoring 
waters in or near the plateau parks (Figure B1).  The Durango USGS office leads an inventory and 
analysis of waters for Yucca House National Monument.  The USGS also works cooperatively with the 
Mesa Verde National Park by providing equipment and technical expertise for water sampling, and, in 
turn, the park manages a gaging station on the Mancos River adjacent the park.  In Bandelier National 
Monument, the USGS oversees the monitoring station, (# 0831350), on Frijoles Creek which has been  
relocated twice as a result of fires and is now positioned just below the monument’s headquarters.  At the 
most urban of the park units, Petroglyph National Monument, the USGS has a monitoring gage 
(#08329938) on Lareda Arroyo.. On Navajo, Walnut, and Wupatki National Monuments, the USGS-NPS 
partnership has conducted several Level 1 Water Quality Surveys and assists with monitoring at Hubbell 
Trading Post.  Along with NPS, the USGS is assessing spring chemistry along the south rim of the Grand 
Canyon as well as the dependence of biotic communities on these flows.  At Glen Canyon, the USGS is 
involved with evaluating recreational use on water quality on several side canyons.  Additionally, they are 
studying sediment chemistry in the Colorado River Delta. 
 
The USGS, through the Grand Canyon Monitoring and Research Center (GCMRC), coordinates 
numerous studies relating to flows below Glen Canyon Dam.  Currently, they have projects relating to 
sand transport, sediment transport, and water quality in the Colorado River ecosystem.  The GCMRC, 
located in Flagstaff, Arizona is the cornerstone of the Glen Canyon Dam Adaptive Management Program 
(AMP).  The GCMRC measures effects of Glen Canyon Dam operations on the resources along the 
Colorado River from Glen Canyon Dam to Lake Mead.  The GCMRC's scientific activities contribute to 
meeting the statutory requirements placed on the Secretary of the Interior by Congress via the 1992 
Grand Canyon Protection Act, the 1995 Glen Canyon Dam Environmental Impact Statement, and the 
1996 Record of Decision. 
 
The GCMRC operates within the AMP to define research objectives and develop monitoring programs to 
meet information needs of the AMP.  The Adaptive Management Working Group consists of a diverse 
group of stakeholders, including: Department of Interior agencies (Bureau of Indian Affairs, Bureau of 
Reclamation, Fish and Wildlife Service, National Park Service), Western Area Power Administration, 
Colorado River Basin States, Native American Tribes, Colorado River Energy Development Association, 
recreational users and environmental organizations (www.gcmrc.gov). 
 

www.gcmrc.org
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Figure B1.  USGS maintains gaging along many water systems throughout the Southern Colorado 
Plateau Network park units.  The purpose of the gaging stations is to collect data on water quality and 
quantity for hydrologic research, reservoir operations, forecasting floods and droughts, and monitoring 
water-quality/quantity conditions and trends (http://water.usgs.gov/). 
 

 
 
The USGS is also extensively involved with groundwater monitoring.  At CHCU, researchers from the 
USGS out of Boulder, Colorado are assessing utilization of subsurface water by plants in Chaco Wash. 
In Arizona, the USGS has implemented extensive monitoring of the Coconino and Navajo aquifers.  
These efforts relate to understanding the hydrogeology, water quality, and ground-water budget in a 
region where ground-water depletion through various kinds of development is very real.  For this effort, 
water table and chemistry are measured at wells in Petrified Forest, Sunset Crater, Walnut Canyon, 
Wupatki, and other wells in northeastern and north-central Arizona.  Much of the work is implemented by 
the office in Flagstaff, AZ.   
 
In general, the Navajo Nation Water Quality/NPDES Program staff monitors water quality throughout their 
land.  Specifically, they monitor 1) Chaco Wash downstream of CHCU near the confluence with the San 
Juan River, 2) Chinle Wash at Chinle above CACH, and at Mexican Water downstream of CACH, 3) 
Colorado Pueblo Wash upstream and in HUTR, and 4) Laguna Creek downstream of NAVA.  In some 
cases, the Navajo Nation Environmental Protection Agency assists with water resource monitoring or 
restoration.  At Hubbell Trading Post, the Navajo Nation provides in-kind services of water quality and 
quantity monitoring at the ongoing Pueblo Colorado Wash restoration site.  They also inventory plants, 
birds, mammals, reptiles, and amphibians jointly with SCPN Inventory and Monitoring program.  Likewise, 
the Navajo Nation has prioritized watersheds in an effort to address deteriorated systems.  Canyon de 
Chelly watershed was identified as the number one watershed in need of study and remediation.  This 
park unit with the Navajo Nation, residents of the canyon, and the Natural Resource Conservation Service 
(NRCS) will undertake watershed assessment and future restoration. 
 
Local Soil and Conservation Districts are instrumental in assisting with watershed assessments and 
restoration efforts.  The Chinle Soil and Water Conservation District may play a role in the park’s multi-
agency effort to address the degraded Canyon de Chelly watershed.  Likewise, four districts near Salinas 
Pueblo Missions received funding for brush management and fire breaks, erosion control, and critical 
area plantings.  The entire effort revolves around recharging the Estancia Basin to the east of the park 

http://water.usgs.gov
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unit.  The basin has witnessed a decline in the water table and concomitant decline in water quality.  The 
NRCS plays a supportive role in these efforts. 
 
Lands managed by the Forest Service and the Bureau of Land Management (BLM) are adjacent some of 
the parks.  The baseline water quality data and inventory reports completed by the NPS/WRD indicate 
that these agencies monitored water quality in the past, but it is unknown whether they have continued 
these efforts.  The Forest Service did cooperate with El Malpais and other agencies to develop a 
restoration plan on the Aqua Fria, an intermittent stream that flows southeast from the Cibola National 
Forest (Kunkle et al. 2002).  To the south and east of this monument, the BLM has previously monitored 
water quality (NPS 2000a).  Bandelier and the Forest Service were mandated by Congress to develop a 
joint watershed management plan for the Dome area which encompasses the headwaters of at least four 
drainages on the monument and Santa Fe National Forest lands.   
 
Lastly, the Los Alamos National Laboratory has an extensive array of test wells, monitoring wells, and 
surface water monitoring sites throughout the Los Alamos area.  Their efforts are geared towards 
understanding the geology, hydrogeology, water chemistry and presence of contaminants in their area of 
influence. 
 
Overview of SCPN Water Resources within Colorado Plateau Ecoregion Context 
Water Resource Significance across the Colorado Plateau 
The semi-arid to arid nature of the Colorado Plateau region proclaims the importance of any water source 
that exists therein. Clearly, whether the source is a seep that supports a small enclave of wetland plant 
species, or the Colorado River carving a channel through the plateau, these are desert waters and they 
are easily threatened. 
 
Surface Water 
Within the Southern Colorado Plateau Network of parks, Grand Canyon National Park and Glen Canyon 
National Recreation Area (and Rainbow Bridge National Monument adjacent Glen Canyon) support the 
largest water resources.  Both encompass portions of the Colorado River that harbor endangered fish 
species.  They also have innumerable springs and seeps that provide habitat for plant species such as 
maidenhair fern, shooting star, and scarlet monkeyflower.  Reptiles, amphibians, small and large 
mammals, invertebrates, and birds require these sources of water for periods during their life cycles.  The 
Colorado River corridor parks support one of the most diverse floras and faunas in the southwest.  Grand 
Canyon, because of its large elevational relief and diverse geological strata, has a particularly rich biota.  
Much of the biodiversity in the river corridor parks centers around the permanent springs (Spence 2002).  
These parks also have hundreds of perennial, intermittent and ephemeral streams flowing into the 
mainstem Colorado, many supporting riparian areas.  The Escalante, Little Colorado, Dirty Devil, Paria, 
and San Juan rivers are all major rivers which dissect and drain well over 60,000 km2 of the Colorado 
Plateau.  Of concern along these corridors are invasive exotics such as tamarisk, ravenna grass, and 
camelthorn, which override the ability for native species to thrive.  Tinajas are tanks of perennial water 
captured from runoff.  These features typically support a small wetland area at their perimeter.  Coupled 
with small rock pools (potholes), they serve as water sources for wildlife and invertebrates.  Lastly, the 
largest exposed surface water on the plateau is Lake Powell at Glen Canyon.  This reservoir varies in 
size from 21,000 hectares to 66,000 hectares and the shoreline fluctuates from 1,590 kilometers to 3,150 
kilometers in length (Glen Canyon National Recreation Area, No date).  The evaporative loss from this 
surface approximates 500,000 ac-feet per year (Glen Canyon National Recreation Area 1987).   
 
Four park units have rivers that form their boundary at some point.  These include Aztec Ruins National 
Monument (Animas River), Bandelier National Monument (Rio Grande), Mesa Verde National Park 
(Mancos River), and Wupatki National Monument (Little Colorado River).  These larger rivers again 
provide habitat for wildlife and plants. 
 
Small perennial drainages dominate a few park units including Frijoles Creek (BAND), Canyon del 
Muerto, Wheatsfield Creek, Coyote Wash, and Black Rock Canyon (CACH), Pueblo Colorado Wash 
(HUTR), and Keet Seel (NAVA).   
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Intermittent or ephemeral washes mark most of the Southern Colorado Plateau parks, and many of them 
have been altered to enhance streambank stability, channel flow, water storage, or to drain stormwater.  
El Malpais National Monument anticipates restoration of the much altered Agua Fria. Chaco Wash 
(CHCU) is incised perhaps as a result of stabilization efforts in the 1940s.  The drainages at Petroglyph 
carry water only during intense rainstorms, and may be forced to carry more if development continues. 
 
Tinajas, potholes, and small pools at El Morro National Monument and Salinas Pueblo Missions National 
Monument are the only discernable water sources within vast areas.  Again, wildlife gain to have these 
surface waters untrammeled. 
 
Groundwater 
Aquifers are another key water source in this arid and semi-arid region.  The Coconino (C aquifer) and 
Navajo (N aquifer) aquifers are of particular importance to several park units. Grand Canyon, Petrified 
Forest, Hubbell Trading Post, and the Flagstaff parks (Sunset Crater, Walnut Canyon, Wupatki) obtain 
their water supply from the C aquifer.  Navajo National Monument obtains water from the N aquifer. 
Wildlife and various plant species thrive at springs associated with these aquifers.  The USGS continues 
to study ground water depletion as it relates to these aquifers (Don Bills, USGS, pers. comm., 7/23/03; J. 
Rihs, GLCA, pers. comm., 7/22/03; Hart et al. 2002; Thomas 2002; USGS 2002; Monroe et al., in press). 
 
Bandelier National Monument is pressed with understanding the perched aquifers and also the sub-
surface and main aquifers that support its riparian areas and springs.  Pathways for contaminants 
associated with the Los Alamos Laboratory remain undefined.  Chaco Culture National Historic Site and 
Canyon de Chelly rely on sub-surface aquifers for maintenance of riparian areas and springs.  These 
units also rely on wells completed deep into main aquifers.  With the exception of Aztec Ruins National 
Monument, Mesa Verde National Park, Yucca House National Monument which does not have a water 
supply, and Petroglyph National Monument, all the parks depend on ground water for visitors and 
employees (Grand Canyon depends on spring water).  Typically, the ground water sources are deep and 
expensive to tap.  All of the network park units have springs or seeps which emanate from some ground 
water source, except for Sunset Crater, whose limited source of water emanates from the base of lava 
flows. 
 
Anthropogenic Uses 
Irrigation practices are potentially important for two park units: Aztec Ruins, and Hubbell Trading Post.  
The former contemplates re-establishing irrigated orchards, and the latter is in the planning stages for re-
establishing not only a vision, but a compatible and viable operation for the current community of Ganado 
(Hubbell Trading Post National Historic Site 2003).  Irrigation water is a boon for these park units, but may 
bode poorly for maintenance of natural systems and carry contaminants in return flows. 
 
Lastly, while natural resources at the SCPN parks are important draws for visitors, the cultural resources 
typically are the basis for the establishment of the park.  Seeping, flowing, irrigating, or draining water can 
impact cultural resources.  Several parks such as Aztec, El Morro, Salinas Pueblo, Mesa Verde, and 
Chaco have had to implement techniques to drain water away from ruins. 
 
Predominant Threats to Water Resources 
Several general, network-wide, water-quality and quantity related issues arose based on park interviews, 
the NPS water quality data analysis reports, and water resources scoping and management plans.  They 
include: 

• groundwater depletion from urban and/or industrial development 
• recreational impacts 
• invasive exotics 
• livestock external, internal or trespass 
• water diversion related to either storage facilities or upstream irrigation, and 
• erosion and sedimentation occurring from a number of stressors 
• climate trends and extreme events 
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Fourteen of nineteen parks expressed concern about groundwater depletion.  Loss of ground water may 
lead to decreased discharge at springs and seeps and lower flow in creeks and rivers.  Along with water 
table declines comes the loss of the biotic communities associated with mesic and hydric areas including 
riparian areas and wetlands around seeps and springs.  The parks link groundwater depletion to urban, 
rural and municipal development and industrial development related to coal mining and oil and gas 
drilling.   
 
The park units also identified recreational impacts that include contamination from fecal matter, trampling, 
sedimentation and erosion as a concern.  Invasive exotics such as tamarisk and Russian olive were a 
concern in at least seven park units.  Exotics compete with natives and extract large amounts of water.   
Livestock grazing internal and external to the parks continues to hamper sound management of riparian 
areas.  Finally, erosion, nutrient inputs, sedimentation are outcomes of a variety of stressors. 
 
Bandelier, Canyon de Chelly, Grand Canyon, Mesa Verde, Salinas Pueblo Missions, Walnut Canyon, 
Wupatki, and Yucca House recognized that water diversions for human use have impacted park water 
resources and biotic communities that depend on natural sources of water such as springs and creeks. 
 
In an arid environment, where precipitation is fleeting but severe, erosion occurs.  Intense snowmelt 
runoff and the summer monsoon can cause channel downcutting where the system has been degraded.  
Further, movement of sediment results in downstream aggradation.  Sediment in the water column may 
be construed as a pollutant in some systems, and sedimentation or siltation can lead to loss of habitat for 
aquatic invertebrates.  However, southwest riverine systems and the associated biota are sediment 
adapted. 
 
Other threats specific to park units were 1) coal and uranium mining that may lead to ground water 
depletion, surface erosion, or water quality impairment, 2) contamination of water from pesticides, 
radionuclides, or materials related to Los Alamos National Laboratory, and 3) infrastructure impacts.  Two 
parks (MEVE and YUHO) surmised that aerial spraying of pesticides impacts water quality. In Bandelier, 
DDT contamination occurred from the 1950s to 1966 and contamination from Los Alamos National 
Laboratory also poses a substantial threat. 
 
While few parks identified oil and gas exploration, catastrophic fire, flooding and stormwater drainage as 
immediate threats, these stressors incur severe impacts to water quality and quantity where they do 
occur.  Oil and gas exploration may lead to ground water depletion and addition of saline waters to 
surface waterbodies.  Catastrophic fires like those that occurred in Mesa Verde and Bandelier contribute 
to increased flooding, erosion, loss of biotic communities, and general water quality degradation from 
sedimentation and ash accumulation.  Further, the threat of increased stormwater drainage due to urban 
development may alter natural drainage patterns, increase erosion and sedimentation in parks such as 
Petroglygh NM. 
 
Not to be dismissed is the issue of waters on the states’ 303(d) lists (Table B1).  Four parks support 
waters that are listed and they include: 1) Animas River adjacent Aztec Ruins for sedimentation and 
temperature, 2) Rito de los Frijoles in Bandelier for fecal coliform, temperature, and turbidity, 3) Capulin 
Creek in Bandelier for benthic macroinvertebrates and sedimentation, 4) a section of the Colorado River 
for selenium and suspended sediments in Grand Canyon, and 5) a section of the Paria River in Glen 
Canyon for suspended sediments and possible turbidity.    In addition, two water bodies within GLCA and 
several small tributaries to the Colorado River in GRCA are listed on the State of Arizona’s planning list 
due to lack of sufficient information.  Further, MEVE is located downstream from a 303(d) listed reach of 
Mancos River and may wish to consider future impacts. 
 
Of major concern to at least five park units was atmospheric deposition.  Nearby coal-fired power plants, 
urban development, and traffic contribute to air pollutants.  However, the link between atmospheric 
deposition and water quality has not been defined. Parks may anticipate scientific research towards this 
link to verify their concerns.  Climate trends and extreme events were also identified as a concern in all 
parks.   
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SCPN Park Water Resource Narratives 
 
Aztec Ruins National Monument 
Hydrogeologic Setting 
Aztec Ruins National Monument is located in the San Juan and Animas rivers sub-basin of the Upper 
Colorado River drainage.  This monument is underlain by sandstone of the Nacimiento Formation, which 
is typically overlain by gravels and cobbles deposited by Pleistocene melt waters and more recently the 
alluvial fill of the Animas River.  Alluvium at the monument is approximately 77 feet deep and overlain by 
a yellowish-brown loamy soil.  The alluvial fill is being eroded by regional gullying which began about 
1880 (Christensen 1979). 
 
Significant Water Resources 
Few natural surface water resources are present at Aztec Ruins.  The primary water is the perennial 
Animas River that runs for approximately 610 m along the monument’s east boundary, but the Animas 
River is outside the boundaries of the park and has a large contributing watershed which the NPS cannot 
realistically influence.  However, this reach of the Animas River is on New Mexico’s 303(d) list of impaired 
waters for sedimentation.  The New Mexico 303(d) list notes probable cause of impairment as urban 
runoff, resource extraction, removal of riparian vegetation, grazing, petroleum activities, irrigated crop 
production, hydro-modification, habitat modification, channelization, streambank modification, and 
agriculture.  Stream bed deposits preclude aquatic invertebrates from thriving, and thus deprive the cold 
water fishery of its food source.  A total maximum daily load (TMDL) for the Animas River (from Estes 
Arroyo to the Colorado border) is due by December 31, 2004.  The TMDL would address sediment 
loading and a means of stemming the load using best management practices.  . 
 
The Animas River near the monument is diverted for water supply and irrigation.  For the park, the river 
serves as wildlife habitat and hosts adequate habitat for the southwestern willow flycatcher.  It has 
provided water both to Ancestral Puebloans who occupied this region and to the more recent pioneers 
immigrating to the area in the 1800s. 
 
An irrigation ditch which runs inside the monument for about 650 meters supports a large volume of 
water.  The Farmers Ditch, constructed in 1892, serves downstream users and has, in the past, irrigated 
pasture and orchards on the monument.  Today, the ditch supplies irrigation water to Aztec Ruins 
National Monument and also carries water from the Animas River across the monument to Farmington.  
This is the primary source of drinking water for the City of Farmington and the surrounding area (D. 
Carruth, personal communication 2004).  Christensen (1979) studied the efficacy of a drain line placed 
north of the ruins to reduce deterioration of the ruins by groundwater.  He found that groundwater had 
little to do with the deterioration, but instead surface irrigation practices were at fault.  Since 1983 excess 
irrigation water has been collected in an unlined tail-water recovery ditch on property north of the 
monument.  This ditch diverts water to a pond with drainage pipes for control of overflows.  In 1983, a 
new French drain was installed north of the ruins which collects irrigation water and diverts it off site 
(National Park Service 1988).   
 
Water quality of the ditch is unknown, but suspected contaminants include pesticides, fertilizers, 
pathogens, and other constituents associated with an agricultural landscape. 
 
Since 1958 the park has been supplied with potable water by the City of Aztec.  Prior to that time a well, 
drilled in 1931, served as a source of irrigation water for the park.  Another water right is associated with 
this source.  A USGS gaging station located on the Animas River (USGS-09364000) no longer functions. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 
• Riparian, wetland, and aquatic habitats and associated wildlife 
• Water for irrigation within the park 
• Historical association of site settlement with water 
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Aztec Ruins National Monument Natural Resource Waters 

Water Body 

Number 
intermittent 

reaches 
Intermittent 
Length (km) 

Number 
perennial 
reaches 

Perennial 
length (km)

Total 
Length (km) 

Farmers Ditch 1 0.6   0.6 
Animas River   1 0.6 0.6 

 
 
Management and Scientific Issues 
The Animas River adjacent to the monument is a 303(d) listed water and is impaired by sedimentation as 
described earlier. 
 
Urban and mineral developments at the borders of the monument have the potential to impact natural 
resources.  In particular, water extraction for the former can deplete water sources, and extraction for the 
latter can create saline waters as well as depletion of the source.  A mobile home park and a housing 
development border the monument on the south.  Scattered developments in other directions include 
natural gas and oil wells and associated pipelines and the potential for additional housing development.  
A plan to develop land for housing along the northern boundary of the monument is currently underway.  
The monument lies within the city of Aztec boundaries.  As such the city can extend its planning abilities 
to areas surrounding the monument and guide housing and other development. 
 
Other impacts to the Animas River upstream of the park include a range of agricultural uses such as 
livestock grazing, irrigation return flows and pesticide and fertilizer applications. 
 
The monument does not own mineral rights and three active oil and gas wells are present within its 
boundaries.  Four more wells are planned.  Contamination of surface water and groundwater can occur 
as result of the withdrawal of saline waters from depths.  Continued extraction is a concern for the park. 
 
Additional water resource issues include expansion of exotic plant species via the irrigation ditch, , 
ensuring an adequate supply of water for current and future needs, the need for documentation of use to 
ensure perpetuation of existing water rights, and provision of habitat for riparian species such as the 
state-listed yellow-billed cuckoo. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 
• 303(d) Listing of Animas River for sedimentation.  
• Urban and industrial encroachment 
• Upstream agricultural activities 
• Oil and gas extraction surrounding and inside the park 
• Exotic invasion – noxious weeds, Russian olive, tamarisk 
• Channel modification and erosion 
• Climate trends and extreme events 
 
Past and Current Monitoring 
Past monitoring was related to effects of the Farmers ditch on the cultural sites at the monument.  There 
are no current monitoring efforts at the monument. 
 
Data Sets and GIS Information 
There are no water quality or quantity data sets on record at the monument.  The park has taken GPS 
coordinates of the ditches and laterals within the monument. 
 
Literature Review 
Christensen (1979) addressed hydrologic problems at Aztec Ruins.  He discussed issues of flooding 
related to irrigation north of the monument.  The study emanated from a need to prevent damage to 
significant archeological sites from irrigation water.  The report comments on a subsurface drain line 
installed several decades before to lower the groundwater level, along with related observation wells.  



Southern Colorado Plateau Network Phase Two – Appendix B – SCPN Water Resources 

 - B17 - 

Four new observation wells were drilled in July 1979 as part of this survey.  The report also provides 
information on soils, with descriptions of the local hydrogeology, groundwater flow, and the nature of the 
local aquifer.  
 
Water quality data were summarized in the Horizon Report developed by Dean Tucker (NPS 1997).  No 
water quality monitoring has occurred inside the park.  Outside water quality monitoring was sporadic 
through 1996.  Sampled sites included the Animas River, Farmer and Estes arroyos, irrigation ditches 
and a pond.  The study notes potential human-related sources of contaminants from municipal 
wastewater, nearby oil and gas development, and irrigation and livestock operations. 
 
The park Resources Management Plan (Aztec Ruins National Monument, 1996) recognizes several 
natural resources of importance including groundwater, irrigation systems, the Animas River, and riparian 
communities.  The park’s management goals are to ensure an adequate supply of water for current and 
future needs.  One project statement requests the need to research water rights and repair the well (PS: 
N-001.000).   
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Bandelier National Monument 
Hydrogeologic Setting 
The Sierra de los Valles Mountains around Bandelier form the rim of an ancient caldera resulting from a 
violent volcanic eruption nearly a million years ago.  The eruption covered the surrounding area, the 
present Pajarito Plateau, with ash that is now known as the Bandelier tuff.  Six principal canyons dissect 
Bandelier’s portion of the Parajito Plateau in a northwest to southeast alignment.  They include Frijoles, 
Lummis, Alamo, Capulin, Medio, and Sanchez canyons, five of which support some sort of base flow 
originating from seeps and springs along the mountain and plateau interface (Mott 1999).  All of Bandelier 
National Monument drains to the Rio Grande and Cochiti Reservoir.  Christensen (1980) stated that the 
springs and seeps which supply base flow to the monument creeks are recharged from perched water in 
the Tschirege member of the Bandelier Tuff, or within the underlying Tshicoma Formation.  However, 
further investigations (Los Alamos National Laboratory 1998) surmised that fracture transmission may be 
responsible for recharge to springs, with the source of water actually unknown.  Of the six drainages, only 
Capulin and Frijoles support measurable base flows, averaging approximately 0.5 to 1.0 cfs, respectively.  
Only Rito de los Frijoles (Frijoles Creek) flows perennially to the Rio Grande (Mott 1999). 
 
Fires occurring in 1977 (La Mesa) and 1996 (Dome) caused distinctive changes in the flow regimes of the 
Capulin and Frijoles drainages.  The number, magnitude, and frequency of peak flows increased 
significantly (White and Wells 1984; Veenhuis, 2002).  Volume of runoff may have remained the same 
post-fire, but time of collection and retention of the precipitation of in the drainage area decreased 
(Purtymun and Adams 1980).  Effects on water resources of the Cerro Grande fire of 2000 are not widely 
published to date. 
 
Although Los Alamos National Laboratory (LANL) has investigated groundwater in the area, 
characterization of the three main groundwater zones is not complete (Mott 1999).  The groundwater 
beneath the Pajarito Plateau occurs in three zones: in the shallow alluvium of canyons, perched on 
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relatively impermeable strata, and in the main aquifer (Los Alamos National Laboratory, 1995).  The latter 
aquifer is the only viable water source on the plateau (Rogers et al., 1996).  LANL believed that the 
impermeable strata and unsaturated deposits between the shallow alluvium, the perched, and the main 
aquifers would confine any contamination from tritium and plutonum-239 (Mott 1999).  However, 
groundwater monitoring summarized by the U.S. Department of Energy (1998) documented a number of 
contaminants originally discharged to canyon streams or buried on mountain tops in the alluvial and 
perched groundwater. 
 
Generally, water in the canyon alluvium and within the perched zones is recharged by perennial, 
intermittent, and ephemeral stream flows.  Recent work indicates that the main aquifer recharge comes 
from the Espanola Basin to the east (Blake et al., 1995).   
 
Significant Water Resources 
The Rio Grande and the Rito de los Frijoles are perennial streams within the park.  The western bank of 
the Rio Grande marks 8.8 km of the monument’s southwest border.  Only the stream bank and 
associated riparian area are within monument boundaries.  Frijoles Creek flows for approximately 22.5 km 
through the monument.  Other water resources of Bandelier include a number of intermittent streams and 
perennial springs.  Two perennial desert springs, Apache and Turkey Springs, are found respectively 
near the north and west borders.  Frijoles and Alamo springs, both perennial springs along the Rio 
Grande were extinguished with sedimentation deposited by Cochiti Reservoir in the late 1980s.  Riparian, 
wetland, and floodplain zones with their attendant mesic to hydric water regimes provide suitable habitat 
for narrowleaf cottonwood, boxelder, mountain maple, Gambel oak, alder, beech, cherry, and New 
Mexico olive.  Most of Bandelier’s sensitive species are also associated with perennial moisture in the 
canyons (Jacobs 1998).  These water sources are important to wildlife and provided water supplies to 
pre-historic and historic peoples of the area.   
 
Bandelier NM obtains its drinking water from the County of Los Alamos. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 
• Riparian, wetland, and aquatic habitats and associated wildlife 
• Springs in upper Frijoles Canyon 
• Historical association of site settlement with water 
• Developing wetlands on the shores of Cochiti Reservoir (especially migratory bird breeding grounds). 
 

Bandelier National Monument Natural Resource Waters 
Streams Perennial Reaches* 

Rito de los Frijoles U,M,L [303(d) listed] 
Medio Canyon U 

Sanchez Canyon M 
Chaquehui Canyon M 

Lummis Canyon Ephemeral only 
Capulin Creek U,M,Lp [303(d) listed] 
Alamo Canyon U,M,Lp 

Springs Average Flow (gpm) 
Turkey Spring 22.2 

Spring at head of Frijoles Canyon 231 
Spring near mouth of Frijoles Canyon 1.38 

Apache Spring 0.96 
Alamo Spring Small 
Doe Spring small 

*U=Upper, M=Middle, L=Lower, Lp=Portion of Lower 
gpm = gallons per minute 
Table adapted from:  Mott, D. 1999. Water resources management plan 
Bandelier National Monument, New Mexico. Bandelier National 
Monument, Los Alamos, New Mexico. 
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Management and Scientific Issues 
The Rito de los Frijoles is impaired by fecal coliform, temperature, and turbidity and is on the 303(d) list 
for “partially supporting” designated uses (New Mexico Environment Department 2004).  Capulin Creek is 
also on New Mexico’s 503(d) list for benthic macroinvertebrate bioassessment and sedimentation likely 
due to watershed runoff from forest fires (New Mexico Environment Department 2004).  
 
Bandelier used DDT and other forms of chlorinated hydrocarbons for pest control near the developed 
headquarters area – a hydraulic sprayer and aerial spraying were used to apply the chemicals (Mott 
1999).  Unknown quantities of DDT solution entered the maintenance drainage system ending in two 
sumps.  Consequently the contaminants percolated into the surrounding soils and entered the aquatic 
system of Frijoles Creek.  In 1975, the State of New Mexico found high levels of DDT in Frijoles Creek.  
Fish samples collected by the USGS in 1993 had high levels of DDT and its isomers.  Bandelier with 
contractors removed a drainage sump in 1993.  Subsequently, Bandelier contracted Ecology and 
Environment, Inc. to prepare a risk assessment.  In 1996, the contractor concluded further remediation 
was not warranted and that a ban on fish would be appropriate.  Sampling conducted by the USGS found 
that DDT-T in rainbow trout to be significantly less (0.1786 ppm) than the reported EPA threshold level of 
5 parts per million (ppm) (Carter 1997).  In 2002, Frijoles Creek was on the state’s 303(d) list for DDT, but 
this contaminant is not listed among the causes for the 2004 listing (Table B1).   
 
The monument has no ONWR designated waters, but the Water Resources Management Plan (Mott 
1999) provides a project statement outlining the steps required to attain such a designation. 
 
The monument has other management concerns including 1) sustained inundation from Cochiti 
Reservoir, 2) wildland fire and subsequent flooding and erosion,  3) large ungulate use, 4) historic 
contaminants in perched aquifers, 5) visitor impacts, 6) native fish re-introduction, 7) adjacent land 
management, and 6) atmospheric deposition.  Other concerns including dysfunctional sewage pipelines 
and lift station, floodplain concerns, and livestock have been addressed or are minimal.  All of these 
issues are fully described in the management plan (Mott 1999). 
 
Additional explanation of the failings of adjacent land management, particularly on National Forest lands 
is presented in the Bandelier National Monument briefing statements to the Bandelier Tribal Consultation 
Committee (Bandelier National Monument 2001).   
 
From a scientific point of view, Bandelier is interested in understanding the impacts of prescribed fires on 
the flow regime and aquatic biota, and, to that end, a project statement has been written.  More 
importantly and related to watershed erosion and hillslope hydrology, Bandelier performs landscape-level 
research on restoration of woodland communities.  Woodland sites within the Parajito Plateau, treated by 
overstory removal and slash mulching, were monitored for erosion and runoff (Wilcox et al. 1996a, Wilcox 
et al. 1996b, Jacobs and Gatewood 1999, Hastings et al. in press). 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• 303 (d) listing of Rito de los Frijoles for fecal coliform, temperature, and turbidity and Capulin 
Creek for benthic macroinvertebrates and sedimentation 

• Residual pesticide (DDT) 
• Ecosystem disturbance associated with fluctuating water levels at Cochiti Reservoir 
• Sedimentation and erosion following wildfire 
• Impacts from adjacent land uses including contaminants (Los Alamos National Laboratory, U.S. 

Forest Service) 
• Trespass livestock  
• Internal park development and visitor impacts 
• Potential loss of invertebrate species from chemicals used to prepare streams for introduction of 

the Rio Grande cutthroat trout (Oncorhynchus clarki virginalis) (Mott, D., 1999) 
• Climate trends and extreme events 
• Invasion of exotics 
• Outside development and encroachment 
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• Historic lab dump below amphitheatre parking lot 
 
 
Past and Current Monitoring 
The Baseline Water Quality Data Inventory and Analysis Report (National Park Service Water Resources 
Division, 1997) found a total of 34 stations within Bandelier, with 20 of these sites on Frijoles Creek.  Data 
extend as far back as 1957.  Intermittent sampling between 1982 and 1992 was conducted by monument 
staff.  Bacteriological contamination was the focus of much of the monument’s monitoring effort, since 
there was concern relating to corrals and park sewer infrastructure near the creek.  Copper, lead, and 
zinc were found to exceed EPA criteria for aquatic freshwater life in some of the samples (Mott 1999). 
 
Los Alamos National Laboratory has a number of perimeter well and stream monitoring sites, one of 
which is located within the monument on Frijoles Creek below headquarters.  LANL monitors stream flow 
and water quality (see Los Alamos National Laboratory, 2000 for an example). 
 
In 1993, the USGS initiated a three-year intensive water quality monitoring program in the Rio Grande 
study unit.  Under the National Water-Quality Assessment (NAWQA) Program, water quality, bed 
sediment, tissue samples, and flow data were collected in the monument at and below the Frijoles Creek 
gaging station.  The sampling revealed high levels of DDT contaminants in fish tissue (Mott 1999). 
 
Through a USGS-NPS partnership, Bandelier staff sampled runoff and suspended sediment on the 
Parajito Plateau.   
 
Data Sets and GIS Information 
Bandelier receives a significant amount of data from LANL, but does not maintain a water quality 
database.  The monument has data on the runoff and erosion studies performed on the Parajito Plateau.  
The Bandelier staff has the following GIS data layers:  the USGS hydrography layer and a layer 
containing some of the invertebrate monitoring locations. 
 
Literature Review 
The Bandelier Resource Management Plan (1995) recognized the Rio Grande, tributary streams, 
associated wetlands, and riparian areas as important natural resource features.  To that end, a number of 
project statements addressing water resources have been developed. 
 
The major reports discussing water resources at Bandelier include: 1) the Water Resources Management 
Plan (Mott 1999), and 2) the Baseline Water Quality Data Inventory and Analysis Report (National Park 
Service Water Resources Division, 1997). 
 
Los Alamos National Laboratory has an extensive monitoring program.  Bandelier receives information 
generated by the LANL program in the form of Status Reports, (1997-present). 
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Canyon de Chelly National Monument 
Hydrogeologic Setting 
Canyon de Chelly National Monument lies within the Navajo Nation and is composed of four main 
canyons that extend from its eastern edge on the Defiance Plateau to Chinle Wash at its western edge.  
These include Canyon del Muerto, Black Rock Canyon, Canyon de Chelly, and Monument Canyon.  
These canyons drain the Chuska Mountains and Defiance Plateau that comprise the most mesic terrain 
within the Navajo Nation.  Drainages within the monument are predominantly enclosed by vertical-walled 
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canyons that range in depth from about 305 meters to only 9 meters emptying into Chinle Wash which 
drains to the west. 
 
Canyon walls at the monument are composed of De Chelly Sandstone that was deposited over 200 
million years ago during the Permian Age.  The underlying Supai Formation is exposed in some areas.  
Unconsolidated sediment, primarily sand, occurs in the drainage bottoms of the monument.  Streams in 
the canyons are incised into the sediments.  Sediment carrying capacity and duration of spring flows 
exceed sediment supply resulting in downcutting in the drainages (Chinle Soil and Water Conservation 
District et al. 1997). 
 
A number of springs and seeps emanate from cliff faces at geologic contacts and are perennial in some 
cases. 
 
Upper reaches of drainages at Canyon de Chelly NM are perennial, but become intermittent farther down 
gradient.  Snow pack run-off and summer rains provide direct flows in the drainages and also infiltrate, 
providing groundwater recharge for later release.  Some sheet flow occurs over cliff faces during storm 
events. 
  
Significant Water Resources 
Perennial stream corridors amounting to about 65 km occur in the upper third of the canyons.  Lower 
reaches of streams tend to be intermittent.  Subsurface water is available all year in the washes.  There 
are two canyon drainages, Coyote Wash and Black Rock Canyon, tributary to Canyon del Muerto,.  All 
three of these have perennial stream flow according to the National Hydrologic Database.  Throughout 
the rest of the monument there are numerous intermittent drainages.  In addition there are at least 12 
springs at the monument and a perennial pond at the northeastern end of Canyon del Muerto.  These 
numbers may not accurately reflect the number of seeps and springs within the monument. 
 
Wetter side canyons are the locations of treasured microenvironments.  Both perennial and intermittent 
water sources are important for flora, fauna, past cultures, and those presently living in the canyon.  
Hanging gardens, the focus of the monuments highest biodiversity, are located on cliff faces of canyons 
where groundwater meets geologic contacts and seeps out.  The most notable seep and associated 
hanging garden is located in Many Cherries Canyon.  Riparian habitat in the upper watershed region is 
particularly important for an array of species, particularly migratory birds.  
 
The monument obtains its water supply from a well at the Visitor’s Center.  They have the option of 
switching to the town of Chinle water, but prefer not to due to poor water quality from that source.  Other 
wells on the monument property include two in Canyon del Muerto, one at the mouth of Many Cherries 
Canyon and one in the Twin Trails area.   
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Riparian and aquatic habitats in heads of canyons 
• Water supply to wildlife 
• Springs and hanging gardens in Canyon de Chelly and Canyon del Muerto 
• Historical association of native agricultural activities with presence of water 

 



Southern Colorado Plateau Network Phase Two – Appendix B – SCPN Water Resources 

 - B23 - 

Canyon de Chelly Natioal Monument Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
Length (km)

Number 
perennial 
reaches 

Perennial 
length (km) 

Total 
Length 

(km) 
Streams      

Bat Canyon 5 9.8   9.8 
Black Rock Canyon 1 1.7 3 14.6 16.3 
Chinle Wash 1 0.9   0.9 
Coyote Wash 14 32.2 14 24.8 57.0 
Horse Track Canyon 1 1.9   1.9 
Middle Trail Canyon 3 6.7   6.7 
Monument Canyon 14 22.1   22.1 
Muerto, Canyon del 9 23.7 5 17.9 41.6 
Pine Tree Canyon 1 2.8   2.8 
Sheep Dip Creek 1 0.6   0.5 
Small Twin Canyon 1 1.8   1.8 
Wheatfields Creek   3 8.5 8.5 
Whiskey Creek 1 2.7   2.7 
Unnamed reaches 87 149.7   87 

Springs and Seeps      
Many Cherries Canyon      
Other seeps and springs       

Impoundments      
Tsaile Lake      

 
Management and Scientific Issues 
Management issues related to water resources at the monument include those associated with invasive 
plant species, erosion, and storage.  The presence of exotic flora, particularly tamarisk and Russian olive, 
is detrimental to functioning plant communities and water resources.  These species are present in 
Canyon de Chelly and Canyon del Muerto and are spreading to the upper drainages and side canyons.   
 
Earthen dams at the heads of Canyon de Chelly and Canyon del Muerto may be diminishing the quantity 
of water that reaches downstream riparian habitats.  The hydrologic impact of these dams is not 
quantified.  Water is piped from the impoundments to the canyon floor as a source of irrigation water.  
The monument does not have an accurate inventory of impoundments. 
 
Erosion, bank cutting, and arroyo cutting are major threats to cultural resource sites along the floors of 
Canyon de Chelly and Canyon del Muerto.  Storm events release flood waters which can alter existing 
channels and compromise the structural integrity of the cultural resources.  When downcutting intersects 
the water table, declines in water levels can result.  Downcutting has reached bedrock or talus slopes in 
the mid to upper canyons and in some side canyons (Chinle Soil and Water Conservation District et al. 
1997).  The reasons for the downcutting and the lowering of the water table in the drainages are not well 
understood (Chinle Soil and Water Conservation District et al. 1997).  Rydout (1983) and Dolan (1993) 
described periods of incision and aggradation of the canyon bottoms.   
 
At present, approximately 40 to 50 families (about 500 people) and 25 sheep (down from 30-50 sheep) 
live in monument canyons full or part time.  Downcutting, streambank and channel erosion, and a lowered 
water table have made traditional agricultural practices more difficult.  In some areas, irrigation diversions 
and infrastructure are no longer effective, resulting in the abandonment of some traditional agricultural 
areas.  Due to this process, little agriculture continues in Canyon del Muerto.  
 
The occurrence of erosion increases chances for degradation of water quality.  Silt and sand-laden 
waters are not unusual in this region; however, macroinvertebrate populations and habitat may be 
impacted.  Agricultural and recreational activities in the drainages may also impact the water quality, and 
to date little is known about the monument’s water quality, hydrology, and aquatic biota. 
 
Recreational use in the monument consists of tours with vehicles and horses with perhaps 20-30 road 
crossings.  This activity can contribute to channel and streambank erosion.  Canyon residents also use 
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all-terrain vehicles (ATVs) to travel up and down the canyons.  Minimal grazing occurs in the canyons, but 
this can also contribute erosion and water quality degradation. 
 
External to the monument, livestock grazing, increasing residential development, mining, and road 
construction can all impact the monument’s water quality and quantity.  A number of large ranches on the 
Defiance Plateau have roaming cattle that move into the upper drainages, causing conflicts with farmers 
in those areas.   
 
Atmospheric deposition may also impact the park’s water resources. 
 
From a scientific point of view, the monument would like to understand how and why the canyon has 
changed over the course of decades and even centuries of human habitation.  Maps showing conditions 
in the 1930’s are available for this type of research.  In the near future, a NPS-led effort will resurrect a 
multi-agency approach to development and implementation of a watershed management strategy.  Two 
such efforts occurred in the past yet failed to shed light on the larger watershed condition.  The NRCS 
has developed projects to reduce erosion, but they are a piecemeal approach to a larger watershed 
issue.  The current effort in cooperation with the Navajo Nation, NRCS, and local residents will take a 
watershed approach and address concerns of watershed condition and groundwater depletion while 
attempting to view water and agriculture in the traditional ways of the Navajo (Scott Travis, 
Superintendent, CACH pers. comm., 7/21/03). 
 
There are no 303(d) or ONRW designated waters within the monument. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Widespread invasion by exotics especially riparian 
• Decreasing surface flows and increasing depth to groundwater 
• Climate trends and extreme events 
• Geomorphological changes including incision, degradation and aggradation  
• Agriculture/ranching on the surrounding plateau 
• Possible water loss from impoundments at heads of canyons 
• Commercial and residential encroachment  
• Decline and/or die-off of hanging gardens 
• Runoff associated with canyon rim development 
• Trash dumping in canyon heads; potential for leaching of contaminants into ground water 
• Effects of riparian vegetation treatments (e.g. exotic control) on groundwater levels. 

 
 
Past and Current Monitoring 
Some water quality monitoring occurred in the monument and is reviewed in NPS (1999).  The Navajo 
Nation has recently undertaken water quality testing on the monument’s water supply well.  Water levels 
have not been monitored at park wells.  The USGS 09379025 Chinle Cr at Chinle, AZ stream gage is 
located next to the bridge near the visitor’s center. 
 
Current work related to water resources within the park includes monitoring for plants, amphibians, 
reptiles and birds.   
 
Data Sets and GIS Layers 
The park has no water quality or quantity data sets other than those associated with NPS (1999).  It has 
small-scale GIS layers for roads, hydrography, water quality sampling stations, trails, and stream gages.  
Some GIS development is currently in progress in association with the revised general management plan 
effort.   
 
There is a good inventory of seeps in Canyon del Muerto, including an inventory of the hanging gardens 
in that canyon.   
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Daily precipitation and temperature are recorded at the monument visitor’s center. 
 
Literature Review 
The literature pertaining to water resources in the monument is limited.  The monument is currently 
undergoing development of a revised general management plan. 
 
The monument’s Resource Management Plan (1987) notes its riparian and hanging garden communities 
are valuable natural resources.  The document also has a project statement which addresses erosion 
issues.  The document does not address water quality sampling. 
 
However, the National Park Service (1999) inventoried and analyzed water quality data in and near the 
monument.  No gaging stations were identified and only 3 water monitoring stations were found in the 
park.  Measurement of pH exceeded the EPA criteria for freshwater aquatic life (>9 standard units) at two 
sites within the monument. 
 
Also within the park, Sacomen (1993) completed an environmental survey of the park’s sanitation 
facilities. 
 
From a broader perspective, Cooley et al. (1969), Irwin et al. (1969), and McGavock et al. (1966) 
reviewed the geology, hydrogeology and geohydrology of the Navajo and Hopi reservations with 
particular attention drawn to water supply. 
 
The monument has on file documentation regarding watershed assessment and improvement dating 
back to 1995.  Also a draft plan for Canyon del Muerto and Tsaile Creek watersheds (Chinle Soil and 
Water Conservation District et al. 1997) once again sets the stage for addressing the monument’s 
watershed problems. 
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Chaco Culture National Historic Park 
Hydrogeologic Setting 
Chaco Culture National Historic Park is located west of the continental divide in the San Juan Basin, a 
generally semi-arid region of mesas, canyons, plains, and badlands.  The park encompasses three 
prominent land forms: the alluvium-filled valley floor of Chaco Canyon, with its prominent drainage 
features; expansive sandstone mesas, topped by slickrock outcrops and gently rolling hills; and a number 
of smaller side canyons (including box-canyons locally known as rincons), eroded into the sandstone 
faces adjacent to the main canyon floor.  
 
Chaco Canyon is eroded into Cretaceous sandstone and shale outcrops exposed in the center of the San 
Juan Basin in northwestern New Mexico.  Local topography is shaped primarily by variable erosion rates 
between the resistant Cliff House Sandstone and the underlying, weakly consolidated Menefee Shale 
members of the Mesa Verde Group (DeAngelis 1972).  The entire Cliff House Sandstone unit 
(approximately 150 meters thick) is exposed and forms the steep walls and mesa tops of the canyon.  The 
upper 20 meters of the Menefee Shale (total thickness of 550 meters) are exposed beneath the sandstone at 
base of the canyon walls.  Approximately 50 seeps or springs emanate from these features within the park 
unit.  A shallow alluvial aquifer (6-12 meters deep) is present in Chaco Wash.  Water from intense storm 
events sometimes results in sheet flow over the exposed sandstone cliffs. 
 
Significant Water Resources 
Chaco Wash, an intermittently flowing stream, runs through the middle of the primary unit of Chaco for 
25.8 kilometers.  Its flows are derived from summer thunderstorms and winter snowmelt within a 2,175-
km2 watershed (Simons, Li, & Associates 1982).  A succession of three pools found at the confluence of the 
Chaco and Escavada washes generally have reliable water.  A shallow aquifer is present beneath Chaco 
Wash, which supports a canopy of cottonwood and tamarisk.  These were planted in the 1940s to provide 
a stabilizing effect on the Chaco Wash channel (Brad Shattuck, Chaco Culture National Historical Park 
pers. comm., 7/15/03).  A result of the channel stabilization has been the development of a straight, 
narrow, incised inner channel within the 20 m - 40 m wide flood plain.  The park staff indicates that the 
water table in Chaco Wash has declined relative to records from the 1940’s (Brad Shattuck, Chaco 
Culture National Historical Park pers. comm., 7/15/03).  The causes of the water table decline are not 
determined.   
 
Other drainages that support intermittent streams or ephemeral flows include Fajada, Gallo, Clys, 
Mockingbird Chetro Ketl, Lizard House Rincon, and Kin Klizhin, Kin-me-ni-oli, Kin-bin-eola in park outlier 
units. 
 
Recently Moser and Gillies (2002, 2003) located approximately 50 seeps within the park.  These isolated 
seeps are found in side canyons and rincons.  Many of the seeps are dry during the later part of the season 
particularly during the current drought period.   
 
The park uses two wells near the housing units for drinking water supply.  The wells are not monitored for 
depth to water table and were completed to a depth of approximately 914 meters.  An additional well, W-
580 or Aggravation Well, has been leased from the state for monitoring depth to water.  Park staff note 
the presence of many wells within the park boundaries, but that information about these wells is not 
organized or well documented.   
 
An additional well is a roughly 7 meter deep historic masonry well that is instrumented for continuous 
water level monitoring.  Water levels in this well are reported to clearly show daily fluctuations, thought to 
be due to plant transpiration uptake.   
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Summary of key resources and values associated with water quality and aquatic ecosystems: 
• Riparian habitat 
• Water source for wildlife 
• Historical association of site settlement with available water 
• Springs 

 
Chaco Culture National Historic Park Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
Length (km) 

Number 
perennial 
reaches 

Perennial 
length (km) 

Total 
Length 

(km) 

Streams    
Chaco River 17 25.8   25.8 
Escavada Wash 2 0.7   0.7 
Fajada Wash 2 1.1   1.1 
Gallo Wash 1 6.3   6.3 
Kim-me-ni-oli Wash 5 5.1   5.1 
Kin Klizhin Wash 6 3.8   3.8 
Unnamed reaches 39 51.3   51.3 

Springs      
Wijijji Spring      
Holsinger Spring      
Gambler Spring      

Other      
Historic Masonry Well      

 
Management and Scientific Issues 
The shallow aquifer and surface water resources of Chaco Wash are sources for the park’s biodiversity 
and have contributed indirectly to the preservation of the park’s archaeological features.  Without these 
water resources, a significant number of plant and animal populations could become severely limited or 
extirpated from the park unit.  Understanding the reasons for the continuing decline of water levels in the 
wash subsurface is important to the long-term viability of park biota that depend on surface and near-
surface water resources. 
 
There are no 303(d) or ONRW listed waters at Chaco Culture National Historic Park. 
 
External threats from groundwater development may impact water levels and/or water quality in the 
shallow aquifer at Chaco Wash.  The development relates to oil and gas exploration, coal and uranium 
mining, and associated commercial and residential development.  A proposed 300 MW power plant south 
of the park could impact air quality and increase impacts to water sources via atmospheric deposition. 
 
Water quality may be impaired within and outside the park as a result of storm water runoff.  Flash floods 
related to rapid and large rain events can cause the flood waters to carry large amounts of sediments, 
impairing habitat for invertebrates and generally exacerbating downcutting.  Recreational use could 
contribute to increased sedimentation and to fecal contamination, but recreational impacts are thought to 
be minor since backcountry travel is limited.  Water-related erosion may also threaten the cultural 
resources of the park. 
 
Historically, park land was grazed intensively.  At present, overgrazing is a threat external to the park and 
can contribute to fecal contamination and sedimentation downstream in the park.   
 
Tamarisk is a concern in the side canyons and at seeps. 
 
The park lacks some basic natural resource data that would help clarify the relationships between Chaco 
Wash, its tributaries, and seeps and springs and riparian vegetation and provide management with 
scientific information to manage the park’s natural resources.  The effect of invasive plant species on park 
water balance is also poorly understood but may be important for understanding long-term changes in 
near-surface water levels. 
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Unique archaelogical sites at Chaco Culture National Historical Park have long been threatened by active 
bank erosion of Chaco Wash.  Management to preserve these sites has created a resource management 
tension between allowing natural channel-widening geomorphic process to occur in the wash and the 
acceptance of channel stabilization methods including tolerance of non-native riparian plant species.  
Presence of introduced riparian habitats within Chaco Wash affect water quality, availability, and arroyo 
channel dynamics.   
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Resource extraction – oil, gas and uranium 
• Proposed power plant and associated impacts to air and water quality 
• Commercial and residential encroachment 
• Presence of exotic vegetation 
• Climate trends and extreme events 
• Geomorphological processes in Chaco Wash and relationship to hydrologic function 

 
 
Past and Current Monitoring 
Currently, Prescott College is conducting a riparian vegetation study of the park using Landsat imagery, 
and cooperatively, the park is inventorying birds and invertebrates with the University of New Mexico.  
The I&M program is involved in reptile and amphibian inventories.  Lastly, Kirk Vincent, geomorphologist 
with the USGS is concurrently investigating the historic drop of the alluvial aquifer and Chaco Wash’s 
geomorphological history.  The monument had one gaging station, USGS 09367680 Chaco Wash at 
Chaco Canyon National Monument, NM, located near the bridge at the visitor’s center.  This gaging 
station has not been in operation since the early 1990’s.  The park has replaced the apparatus with the 
help of NPS Water Resources Division and established a H350 water level bubbler.  All subsequent water 
level data is sorted in CHCU Natural Resources files.   
 
Data Sets and GIS Information 
Chaco Culture NHP Water Wells – 1974 Garland Moore 
 
The park has few officially documented water data sets.  There are numerous files that hold recent water 
quality and water table information.  In 1997, several water quality samples were collected within the park.  
The hardcopy analyses from these samples are in file folders.  Several metals (Ba, Fe, Mn, Hg, Sr, V, Zn) 
appear to exceed EPA screening levels for a sample from Chaco Wash at the Visitor Bridge. 
 
At three locations along Chaco Wash, overlapping channel morphology, vegetation and water level 
transects are conducted periodically.  These are located at the Shabikaschee, at the Historic Masonry 
Well and at Casa Chiquita.  Depth to water is measured at each well, and Kirt Vincent, USGS in Boulder, 
is interpreting the information in relationship to use of the aquifer by various plant species (Vincent, 1999). 
 
The park has GIS layers of seeps, the park boundary, geology and soils.  Chaco Culture NHP has a 
weather station and maintains daily records of minimum and maximum temperatures and precipitation. 
 
Literature Review 
The park’s Resource Management Plan (Chaco Culture National Historic Site, 1995) states several 
objectives related to water, including: 

• identify water resource changes early before they become crisis 
• minimizing external threats to water quality 
• understanding riparian vegetation of Chaco Wash, its tributaries, and seeps and springs 
• acquiring baseline resource data necessary to manage, preserve, and protect natural and cultural 

resources 
• continue monitoring groundwater quantity and quality 
• implement an erosion control program based on proposed recommendations from NPS Water 

Resources Division for the purpose of protecting threatened resources 
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The park (CHCU Resource Management Plan 2003; Chaco Culture National Historic Site 1995) has 
several project statements related to water resources including: 

• Monitor external threats to air quality  
• Inventory ongoing/potential mineral development 
• Develop hazardous materials/oil spill contingency plan 
• Research grazing impacts on vegetation/soils/fauna 
• Inventory and monitor reptiles and amphibians 
• Inventory and monitor invertebrates 
• Inventory and monitor water resources 
• Finalize perennial seeps inventory 
• Control tamarisk in side canyons and seep springs 
• Acquire Chaco Wash groundwater rights 
• Restore riparian vegetation 
• Groundwater isotope analysis 
• Monitor Groundwater levels and flow data for Chaco Wash 
• Acquire baseline flow and water quality data for perennial seeps  
• Acquire baseline flow and water quality data for intermittent washes (Chaco, Kim-me-ni-oli, Kin 

Klizhin, Gallo, Fajada, and Pintado Chaco) 
• Develop long term monitoring protocol for seeps and springs 
• Monitor and protect sole Public Water Supply Technical Assistance Request 2003 

 
The park does have several files and studies (Author unknown, multiple dates; Chaco Culture National 
Historic Park 1998; NPS 1997; USGS 1983) documenting physical data including water quality and 
quantity in washes and in the shallow aquifer.  Numerous water quality parameters exceeded the EPA 
criteria for freshwater aquatic life and drinking water (NPS 1997), yet these exceedences appear to be 
one-time events related to oil and gas exploration.  Several studies relate to efforts to stem problems with 
erosion near cultural sites (Simons, Li & Associates, Inc. 1982).  Rothrock and Maxwell (1942) completed 
a review of the park’s water supply.  Other studies review water resources for the general area around 
Chaco. 
 
A water resources management profile prepared by the National Park Service (1982) summarizes the 
hydrogeologic setting of the park, discusses water rights, and summarizes water resource problems such 
as impacts to the watershed from energy-related development, unnatural flooding, soil erosion, and the 
need to monitor water quality. 
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El Malpais National Monument 
Due to the lack of perennial surface water, no water chemistry or aquatic macroinvertebrate monitoring is 
proposed for ELMA at this time. 
 
Hydrogeologic Setting  
El Malpais National Monument encompasses a vast area of recent basalt lava flows.  These flows, in 
some cases, are 60 meters thick, and manifest themselves as lava tubes, volcanic vents and spatter 
cones, lava caves, perennial ice caves, kipukas and other surface features.  The flows overlie an alluvium 
layer (in some places) and sedimentary rock layers including the Dakota Sandstone, Zuni Sandstone, 
Chinle Formation, Mancos Shale, San Andres Limestone, and the Abo Formation.  Water from 
precipitation events can infiltrate the lava cap and move into the layers below,, and water seeps down 
through its porous surface and through fractures.  The San Andres-Glorieta aquifer lies about 152 meters 
below the surface.  Water also flows off the lava and into drainages during snowmelt and rain events.  
Also, some water is held in small pockets in sandstone features or as ice or melted water in the summer 
in the ice caves.  External to the monument in the National Conservation Area, sandstone layers 
dominate and cause water to move through drainages and infiltrate the sedimentary layers. 
 
Significant Water Resources 
Surface water is scarce within El Malpais.  Hydrography maps (1:24,000 scale) show 40 intermittent lakes 
or ponds and 1 perennial lake or pond within the monument and the surrounding El Malpais National 
Conservation Area.  These are all quite small in size, the largest having an area of about 2.7 hectares.  
Higher topographic areas both within and outside the monument supply runoff from snowmelt or rain to 
the edges of the lava flows, where ponding occurs and tinajas are common in sandstone outcrops.  
According to the NHD data, very short lengths of six intermittent drainages and Agua Fria Creek occur 
just within the boundaries of the monument.  A few of these intermittent drainages, including Agua Fria 
Creek, have been known to flow for several weeks.  There are no springs or seeps identified except 
within the ice caves.  Local wildlife relies on water pockets and shallow pools associated with ice caves 
during the dry summer months. 
 
Agua Fria Creek has been slated for restoration since earthen dams, ditches, ponds and diversion 
structures have impeded natural hydrologic functions and ecologic conditions in the creek for years.  
Flooding events have also posed a problem for park management.  The environmental assessment of the 
restoration project describes Agua Fria Creek in detail (Kunkle et al. 2002). 
 
A number of earthen stock tanks are present throughout the monument.  These were used by livestock 
until grazing ceased several years ago.  One ephemeral riparian/wetland area is associated with an 
earthen tank, the Laguna Juan Garcia pond, which occupies about 0.1 ha in the northwestern corner of 
the monument.  There is also a perennial reservoir located at the end of a 40-acre meadow near the 
visitor’s center.  The ponded area is about 0.05 ha in size.   
 
Several wells have been drilled within the monument (Fleming and Morrison 1987), yet their present 
status is generally unknown.  Two wells of particular interest include the sandstone bluffs well in the east-
central portion of the park near Highway 117 and an artesian well located at the southern end of the 
monument.   
 
The main groundwater aquifer in the monument is the San Andres-Glorieta aquifer.  It lies about 152 
meters below land surface in consolidated sedimentary rocks.  The monument has one well operating at 
the visitor’s information center on Highway 53.  The water supply well is approximately 107 meters deep, 
is monitored for public health purposes, is high in iron, and is not monitored for depth to water at present. 
 
The monument maintains two weather stations, which collect precipitation and temperature.  One is a 
remote station with data downloaded during the summer for information relating to fire hazard conditions. 
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Summary of key values associated with water quality and aquatic ecosystems: 
• Wildlife water sources on the surface and inside caves 
 

El Malpais National Monument Natural Resource Waters 
Cave waters Perennial 
Agua Fria Creek Quasi-intermittent 
Tinaja, ponds, potholes Ephemeral 

 
 
Management and Scientific Issues 
Two significant management issues are a lack of staff knowledgeable in natural resource management 
and difficulty in obtaining data on changes in water resources at El Malpais.  Development of simple 
monitoring methods appropriate for use by volunteers is a priority.  Threats to water resources from within 
and outside the park relate to water diversion and pumping.  A number of homes have been built near the 
monument each with its own well and septic system.  Additionally, a nearby gravel pit operation uses 
groundwater for its water needs.  Placing El Malpais within the broader regional landscape when 
considering water resource issues is considered to be important. 
 
Erosion from recreational use, livestock grazing, and natural conditions in the park results in downcutting 
in the intermittent drainages, yet this is a relatively minor problem within the monument.  The monument 
has recently enforced closure of roads, minimizing erosion from motor vehicle traffic.  Lack of adequate 
staff to provide a ground presence to prevent trespass and illegal activities is an important issue.   
 
Since little data are available for most of the monument’s natural resources, documenting water quality of 
the Laguna Juan Garcia pond, Agua Fria Creek, and selected wells may prove important for the 
monument.   
 
One possible scientific issue relates to how flow in drainages plays a role in the formation of ice within the 
unusual volcanic terrain and lava features that the monument protects.  The nature of the hydraulic 
connection between intermittent streams and ice in caves is not well understood (Kunkle et al. 2002). 
 
There are no 303(d) or ONRW designated waters within the monument. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Exotic plant and animal invasion 
• Runoff and sedimentation from roads and parking areas to Agua Fria Creek 
• Presence of dams, dikes and tanks that impact natural hydrologic function of Agua Fria Creek 
• Flood potential of Agua Fria Creek under natural conditions 
• Groundwater extraction and surface water diversion outside the park 
• Drought  
• Climate change 

 
 
Past and Current Monitoring 
El Malpais does not currently have a water quality monitoring program.  The Byrd Polar Research Station 
is currently conducting/has conducted research dating ice found in the lava tube caves.  Photographic 
records have been maintained to document changes occurring since the end of grazing on monument 
lands and visitor impacts.  A volunteer group, the Sandia Grotto Cavers, maintains an inventory and 
monitoring program within the caves.   
 
The El Malpais airshed is currently monitored by the State of New Mexico for potential air impacts due to 
an electrical generating station near Farmington, New Mexico. 
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Data Sets and GIS Information 
There are no water quality data sets for the park other than those downloaded from other sources for the 
NPS (2001) report.  The park maintains a GIS and has layers for well locations, roads, and earthen dams 
for the disturbed lands program. 
 
Literature Review and Bibliography 
Roybal et al. (1984) described the hydrology of an area including the monument for the purpose of aiding 
coal leasing decisions.  Fleming and Morrison (1987) described the availability of groundwater from 
various geologic layers and inferred that the basalt and alluvium yielded supplies adequate for livestock 
and domestic use.  Limited quantities were found to be available from the Chinle Formation and the Zuni 
and Dakota sandstones.  The San Andres-Glorieta Aquifer was reported to support the greatest yield of 
groundwater. 
 
Northrup et al. (1993, 1994) evaluated baseline conditions of two caves prior to the initiation of prescribed 
burns.  Water chemistry was monitored and invertebrates were assessed.  Waters in the caves are 
slightly acidic, in the range of 5 to 6 pH.  Welbourn and Northrup (1996) conducted a biological inventory 
of six lava tubes in the monument and reported the invertebrates found. 
 
A water quality inventory and monitoring report (NPS 2000) summarized water quality within and near the 
monument.  Exceedences were noted for several parameters and the report mentions the possibility of 
impacts to water quality from industrial and municipal wastewater discharges, livestock grazing, quarrying 
and mining operations, stormwater runoff, recreational use and atmospheric deposition.  Few water 
quality data from this report are from sites within the park and instead relate to sites south in the Cebolla 
Wilderness.  
 
An environmental assessment was completed to evaluate alternatives for restoring flows in Agua Fria 
Creek (Kunkle et al. 2002).  The Forest Service, New Mexico Department of Transportation, the Natural 
Resource Conservation Service, the BLM and the NPS Water Resources Division are all cooperating to 
bring the project to fruition. 
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El Morro National Monument 
Hydrogeologic Setting and Significant Water Resources 
The predominant geologic feature at El Morro is the sandstone cuesta that stands over 61 meters above the 
surrounding terrain.  The cuesta is formed of Zuni sandstone capped with Dakota sandstone. The face of the 
cuesta forms a box canyon. 
 



Southern Colorado Plateau Network Phase Two – Appendix B – SCPN Water Resources 

 - B34 - 

The Historic Pool, a 200,000 gallon, 3-3.5 meter deep pool at the base of the cuesta, is the only perennial 
surface water source in the monument.  The pool’s water sources include runoff from the cliff face with 
groundwater providing some component of the pool’s water budget (Martin 2002).  There have been at 
least seven tinajas identified and mapped on top of the cuesta.  Some appear to have been deepened by 
the Puebloans. In addition to these standing water resources, there are several ephemeral drainages 
within the monument, totaling about 3.7 kilometer in length. 
 
The pool has special significance to the Zuni as this location plays a part in their creation story.  The Zuni 
used these waters as did early explorers, immigrants and settlers.  Current visitors appreciate the 
perennial water feature of the park.  In addition, the pool provides water for local wildlife and supports 
several species of wetland plants including cattails (Typha spp.), sedges (Carex spp.) and rushes (Juncus 
spp.). 
 
A 61 meter well on the northwest corner of the site provides all potable water presently required by the 
monument.  The water table is typically at 24 meters below land surface (Facility Manager, ELMO, pers. 
comm., 7/10/03). 
 
Summary of key values associated with water quality and aquatic ecosystems: 

• The pool is a focal point for visitors 
• Water source for wildlife and vegetation 
• Special significance of historic pool to Zuni peoples. 

 
 

El Morro National Monument Natural Resource Waters 
Historic Pool Perennial 
Tinaja and potholes Ephemeral 
Unnamed streams Ephemeral 

 
Management and Scientific Issues 
The highest profile water-related management issue at El Morro is the deterioration of the inscriptions that 
are the focus of the monument’s existence.  The contribution of water to the observed spalling and 
surface weathering of the inscriptions has been investigated and reported previously (Austin 1992, Cross 
1996, Pranger 2001) and is the subject of a funded research project to further investigate erosion at the 
rock outcrop.  A recent trip report (Martin, 2002) reiterates that groundwater has little effect on the demise 
of the inscriptions except within the immediate vicinity of the pond where capillary action may cause 
spalling.  The recommendation of that report to remove fine-grained sediments at the base of the rock to 
minimize or eliminate capillary movement of water into the base of the rock has been deemed impractical 
due to the cultural sensitivity of the area to native peoples including Zuni, Acoma, Laguna and Navajo.  
Compliance requirements associated with such an activity would be complex and wide-ranging. 
 
Water resource issues related to the Historic Pool and other ephemeral waters in the park relate to water 
availability in the park that may be reduced as a result of local land use, particularly if residential 
development pressures intensify.  Commercial development (a gravel pit) near the park poses a minor 
concern for the park’s water resources at this time.  Impacts to water quality are considered to be 
relatively small, consisting of vehicular traffic (private and commercial vehicles) passing within a few 
hundred yards of the cuesta.  Stormwater runoff may carry high levels of sediment that can reduce 
habitability of drainages by invertebrates.   
 
There are no 303(d) or ONRV listed waters within the park. 
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Summary of threats/concerns related to water quality and aquatic ecosystems: 
• Visitor impacts 
• Increased sediment due to stormwater runoff 
• Exotic species 
• Climate trends and extreme events 
• Local land use and development 

 
 
Literature Review and Past and Current Monitoring 
There is no ongoing water quality or quantity monitoring at the monument.  However, monument staff are 
involved in other inventory projects sponsored by the Southern Colorado Plateau I&M Network program.  
El Morro staff cooperate with other agencies and land owners on inventory, monitoring, research, and 
restoration projects through the Southern Colorado Plateau I&M Network, USGS (Colorado Plateau Field 
Station and Arid Lands Research Station), Northern Arizona University, and the University of New Mexico 
Museum of Southwestern Biology. 
 
The most long-term water resource record consists of photographs of the Historic Pool.  Wildlife use of 
the Historic Pool is consistently monitored.  A water quality inventory and analysis (NPS 1998) was 
completed for data collected from 1968 through 1996.  Twelve sites within the park have been monitored 
for water quality, yet observations may have occurred only once within that time frame.  The analyses 
indicate that pH and some metals have at times exceeded EPA standards for freshwater aquatic life and 
drinking water.  Rothrock and Hawkins (1939), Maxwell (1940a, b), Austin (1992), Cross (1996), Sayre 
(1997), Pranger (2001), Martin (2002) conducted studies or site reviews pertaining to the monument’s 
hydrogeology and water chemistry. 
 
The monument completed its most recent Resource Management Plan in 1999 (El Morro National 
Monument 1999).  The document does not clearly indicate issues related to water resources, but 
identifies the Historic Pool and ephemeral waters as important features.  
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Glen Canyon National Recreation Area1 
Hydrogeologic Setting 
Glen Canyon National Recreation Area (NRA) extends from the Green River in southern Utah 
downstream to Lees Ferry in Arizona.  The most visible water feature of this park unit is Lake Powell, 
formed as a result of damming the Colorado River in 1963.  The reservoir did not completely fill until 
1980.  The drainage basin above Glen Canyon Dam encompasses 289,303 square kilometers (USGS 
1984).   
 
The Colorado, San Juan, Dirty Devil and Paria rivers and other perennial streams, ephemeral drainages, 
springs and seeps drain the highly dissected Colorado Plateau and various geological strata to contribute 
to the waters of Lake Powell and the encompassing Glen Canyon NRA.  The area includes a broad 
upwarped surface that is transected by the Waterpocket Fold and the Echo Monocline.  A maze of deep 
canyons with nearly vertical walls is characteristic of lands surrounding Lake Powell.  These walls reveal 
rock strata that range in age from Pennsylvanian to Cretaceous.  Pennsylvanian and Permian rocks are 
exposed in the Cataract and San Juan canyons.  Cretaceous rocks are present in the eastern part of the 
Kaiparowits Plateau, between Rock Creek Canyon and Navajo Point (USGS 1975).   
 
The Cedar Mesa Sandstone (Permian), the Chinle Shale (Triassic), the Navajo, Kayenta, and the 
Summerville Formations (Jurassic) serve as aquifers for springs within the park unit (Spence 2002).  Yet 
the Navajo, Wingate, Coconino sandstones, and the Saltwash member of the Morrison Formation are the 
main freshwater aquifers that contribute water to springs, seeps and wells at Glen Canyon (NPS 1987). 
 
Aquifer recharge from rainfall and snowmelt infiltrates then moves vertically until it reaches the regional 
water table or perches above a low permeability layer.  Water then moves down-gradient along the 
geologic strata and may exit as springs or seeps where a saturated zone intersects with the surface.  
Almost all of the springs originate in the Navajo sandstone.  Recharge of the aquifer is much less than 
annual precipitation.  Evaporation rates from Lake Powell can equal 500,000 acre-feet per year.  
Estimated recharge of the aquifer is around a few hundred acre-feet per year in excess of what is 
absorbed by the banks of Lake Powell.  Bank storage is estimated to be 10-13 million acre-feet-
unpublished data (NPS 1987; U. S. Bureau of Reclamation, Salt Lake City 1987).  
 
Significant Water Resources 
The Colorado River flows for about 42 kilometers before it begins to widen into Lake Powell behind Glen 
Canyon Dam.  The U. S. Bureau of Reclamation (BOR) manages Glen Canyon Dam.  As water level 
changes the surface area of Lake Powell varies from 21,000 hectares to 66,000 hectares and the 
shoreline length fluctuates from 1,590 kilometers to 3,150 kilometers in length (Glen Canyon NRA, no 
date).  Because water-quality monitoring in Lake Powell is the focus of several ongoing programs 
                                                      
1 The management issue discussion is from materials prepared by J. Spence, GLCA. 
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associated with recreational use, inventory and monitoring of natural resource waters at Glen Canyon 
NRA by the SCPN will focus on streams, springs, and seeps. 
 
The major perennial rivers that flow into Lake Powell are the Dirty Devil, the Escalante and the San Juan.  
The Paria River flows into the Colorado River below the dam.  In addition to the numerous streams, 
canyons and washes, approximately 60 springs have been mapped within the boundaries of the 
recreation area, with about 125 more slated to be mapped.  Well over 600 springs may occur within the 
boundaries of the recreation area.  Thousands of ephemeral seeps are believed to be present and 
hanging gardens are numerous.   An estimated 5000 tinajas and waterpockets also occur in the 
recreation area. 
 
The water resources at Glen Canyon NRA support lake, riparian, wetland, and spring and seep habitats, 
and associated fauna.  These habitats are important to wildlife as a forage resource and are scarce in the 
typically arid landscape of the Colorado Plateau.  Although exotic trees, shrubs, and grasses have 
invaded much of the reservoir shoreline, pockets of native riparian species persist along the riverbanks of 
canyons.  These wooded riparian areas support a greater density, abundance, and species richness of 
songbirds relative to other lowland arid habitats at Glen Canyon NRA.  In addition, wetlands associated 
with nine perennial tributaries and springs along Lake Powell contain more diversity and native species 
than riparian habitats along the lake shoreline (NPS 1995; Waring 1992).  Small native wetland 
communities composed of annuals more characteristic of drier soils are located along springs that drain 
into many of the more protected coves and side canyons (Waring 1992).  Hanging gardens are 
associated with seep seams and alcoves along canyon walls of the river drainages where groundwater 
seeps and drips from rock walls through cracks, providing a dependable water supply.  These unique 
relict plant communities are adapted to cool, wet conditions.  Amphibian species are restricted to the 
protected and perennially wet or moist environments such as springs and perennial streams that occur in 
the upper reaches of tributary canyons.  The perennial tributary rivers flowing into Lake Powell represent 
examples of the river systems and aquatic environments that existed prior to impoundment of the 
Colorado River.  These areas are of particular scientific and resource preservation value because of their 
general scarcity and because they preserve populations and community relationships of previous riverine 
ecosystem conditions.  Relict native fish species still survive within the major rivers in limited numbers.   
 
The recreation area obtains drinking water from wells at Bullfrog, Wahweap and Dangling Rope marinas. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Recreation 
• Lake, wetlands and riparian habitat 
• Springs and hanging gardens including endemic and relict species 
• Water source for wildlife 
• Escalante River is intact example of riparian ecosystem 

 
 

Glen Canyon National Recreational Area Natural Resource Waters 

Name No. Reaches Intermittent 
length (km) 

Perennial 
length (km) 

Total Length 
(km) 

Streams     
Antelope Creek 2 1.6  1.6 
Aztec Creek 1  0.9 0.9 
Bullfrog Creek 1  4.5 4.5 
Castle Creek 3 5.4  5.4 
Colorado River 33  41.6 41.6 
Coyote Gulch* 8 4.5 19.3 23.8 
Crescent Creek 2 1.5 3.7 5.2 
Croton Canyon 1 4.1  4.1 
Dark Canyon* 3 3.4 0.7 4.2 
Dirty Devil River 6  36.1 36.1 
Desha Creek 1  0.1 0.3 
Dry Rock Creek 3 8.3  8.3 
Escalante River 38  81.5 81.5 
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Glen Canyon National Recreational Area Natural Resource Waters 

Name No. Reaches Intermittent 
length (km) 

Perennial 
length (km) 

Total Length 
(km) 

Fall Creek 1 0.1  0.3 
Fiddler Cove Canyon 2 4.6  4.6 
Forgotten Canyon*     
Fortymile Creek 5 5.4 5.3 10.7 
French Spring Fork 2 1.0  1.0 
Grand Gulch 2 5.2  5.2 
Gypsum Canyon 3 5.6  5.6 
Hall’s Creek* 4  9.1 9.1 
Hansen Creek 1  2.2 2.2 
Harris Wash* 4  11.8 11.8 
Hatch Canyon 4 5.0  5.0 
Last Chance Creek* 1 8.7  8.7 
Lake Canyon*     
Llewellyn Gulch*     
Lower Fence Canyon*     
Millers Creek 2  4.9 4.9 
Moki Tank 1  4.7 4.7 
Moody Creek 3 15.7  15.7 
Moqui Canyon*     
North Fork Silver Falls Creek 1 1.6  1.6 
Paria River     
Rainbow Bridge Canyon*     
San Juan River 22  40.7 40.7 
Sei Billikoon 1 1.4  1.4 
Silver Falls Creek 2 11.0  11.0 
Smith Fork 1 3.0  3.0 
South Fork Cow Canyon*     
South Fork Happy Canyon 3 8.8  8.8 
South Fork Swett Creek 2 6.0  6.0 
Steer Gulch 2 5.1  5.1 
Stevens Canyon 4 26.3  26.3 
Trachyte Creek* 3 2.7  2.7 
Twentyfive Mile Wash 1 8.6  8.6 
Wahweap Creek* 3 4.6  4.6 
Warm Creek 3 5.8  5.8 
Warm Springs Creek 1 2.0  2.0 
West Fork of Bowns Canyon*     
White Canyon Creek 3 6.1  6.1 
Wilson Creek* 1  2.4 2.4 
Other streams and unnamed reaches 438   1,332.8 

Lakes     
Lake Powell     

Springs, Seeps and Hanging 
Gardens1     

GLCA 0197: San Juan Arm hanging 
garden     

GLCA 0297: Ribbon Canyon 
Granddaddy Garden     

GLCA 0397, 0497 and 0797: one of the 
three Escalante Arm springs     

GLCA 1397: Wall Spring in Ticaboo 
Canyon     

GLCA 1797: Good Hope Bay spring     
GLCA 0398: Easter Pasture Canyon     
Sumac Hanging Garden     
GLCA 0697: Bowns Canyon garden     
GLCA 0997: Cow Canyon garden     
GLCA 1097: Cave Pool garden in Cow 
Canyon     

GLCA 1197: Rana Canyon garden     
GLCA 2297: Cottonwood Canyon 
garden     

Cow Canyon     
Iceberg Canyon     
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Glen Canyon National Recreational Area Natural Resource Waters 

Name No. Reaches Intermittent 
length (km) 

Perennial 
length (km) 

Total Length 
(km) 

Lower Fence Canyon     
Explorer Canyon     
Other springs, seeps and hanging 
gardens2     

Tinajas and waterpockets (est. 5000)     
1-identification of springs, seeps and hanging gardens are from Spence, J. (2003) Surveys of 
springs in the Colorado River drainage in Arches National Park, Canyonlands National Park, Glen 
Canyon National Recreation Area and Grand Canyon National Park.  Glen Canyon National 
Recreation Area, National Park Service. 
2-other springs, seeps and hanging gardens are present but were not documented in Spence, J. 
(2003), and named references were unavailable. 
* - Tributaries of interest as identified by park staff 

 
Management and Scientific Issues 
Glen Canyon NRA staff have identified several resource management concerns associated with water 
quality and quantity including, 1) livestock grazing, 2) personal watercraft use, 3) human waste and trash, 
4) exotic species, and 5) contaminants in the sediments deposited at the mouths tributaries. 
 
Glen Canyon NRA includes all or part of 35 grazing allotments encompassing approximately 370,287 ha.  
Lands within Glen Canyon NRA were first used for livestock grazing 100 years prior to the establishment 
of the recreation area.  Unrestricted grazing has continued up to the present time as a use recognized by 
Congress in the 1972 enabling legislation.  Although little research has been done on riparian zones on 
the Colorado Plateau, Barth and McCullough (1988) documented severe impacts in Capitol Reef National 
Park, including trampling and collapse of streambanks, erosion, declines in native species, elimination of 
seedlings, and increases in undesirable species.  Livestock grazing, both within the National Recreation 
Area and on lands upstream within the watershed, impairs the quality of water resources through the 
introduction of organic wastes and increased sediment loads resulting from the degradation of stream 
banks.  Springs on the Kaiparowits Plateau have been severely damaged by livestock, in some cases 
with a nearly total elimination of riparian vegetation.  Since cattle often concentrate in riparian zones 
because of water and shade, damage can be locally severe.  The principal problems include collapse of 
streambanks, reduction of vegetation cover, and reduction in water quality.  With the loss of banks and 
vegetation cover, floods can become more destructive, further damaging the riparian zone.  Although 
riparian zones are often heavily utilized, the most severe damage in these zones is often on adjacent 
benches where forage is available.  In addition to impact by livestock, off-road vehicle (ORV) use in side 
canyons and along washes contributes to increasing erosion and ecosystem deterioration in those areas.   
 
In addition to a limited number of natural oil seeps, water and/or air quality at Glen Canyon NRA are 
impacted by watercraft on Lake Powell, internal and external land management practices, sedimentation, 
and commercial uses of neighboring lands.  Personal watercraft engines (especially the widely-used, 
carbureted, 2-cycle engines) discharge up to 30% of their gasoline and oil as uncombusted constituents 
into surface waters during operation (California Environmental Protection Agency, Air Resources Board 
1999).  Visible evidence of pollution can be seen near fueling stations and launch sites.  Chemical 
constituents of petroleum products are of particular concern because of their potential to degrade water 
quality below acceptable levels for aquatic organisms, irrigation, livestock watering, drinking water, and 
recreational uses.  Other pollutants such as human waste and trash are introduced directly to the lake 
during recreational activities.  Human waste is a significant threat to recreation area resources because it 
is a source of pathogenic bacteria and nutrients in the water.   
 
Currently 60 exotic plant species are known to occur or to have occurred historically at Glen Canyon NRA 
over an estimated 121,406 hectares.  Of these, 15 are species of serious concern, and five of those may 
be uncontrollable due to their abundance or the difficulty of control (limited, priority, isolated populations 
will still be controlled).  During periods of prolonged low water, fast-growing annual and perennial exotic 
species may invade exposed shoreline areas, temporarily increasing in number and extent, and later 
disappear when reservoir water levels rise during the next filling or water storage period.  Aggressive and 
fast-growing exotic species are tolerant of environmental disturbance and can typically recover from 
disturbance within one or two growing seasons.  The potential for water extraction by invasives to reduce 
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flow in springs and seeps is a concern.  Saltcedar (Tamarix ramosissima) is one of the most common of 
these aggressive shrub species that forms bands along the shoreline of Lake Powell.  These bands range 
in density from thickets to isolated individual plants.  The exotic Najas marina is abundant, and spreading 
rapidly throughout the reservoir.  Other exotic species associated with water resources include ravenna 
grass (Saccharum ravennae), Russian olive (Elaeagnus angustifolia), and camlethorn (Alhagi 
pseudalhagi).   
 
Exotic fauna also present a serious threat to Glen Canyon NRA’s water resources.  The New Zealand 
snail inhabits the river below Glen Canyon Dam.  Sport fish (striped bass, smallmouth bass, largemouth 
bass, catfish, crappie, and bluegills) ply the reservoir waters and pose a dilemma with regards to recovery 
of endangered native fish species above and below the dam.  These fish compete for resources and prey 
on endangered fish species.  Crayfish consume aquatic invertebrates that ordinarily inhabit tributaries to 
the reservoir. 
 
As the tributary rivers enter the reservoir, the energy needed to carry sediment is lost, causing the 
sediment load to be deposited.  As much as 98 percent of the sediment load is dropped within 40 
kilometers of the river mouth.  Only very fine clay particles are found near the dam.  An essential nutrient, 
phosphorus, adheres to soil particles and is deposited with sediments in the upstream portions of the 
reservoir (Grand Canyon Monitoring and Research Center, Hueftle, personal communication, April 2002).  
The areas of the lake with the highest biological productivities are located close to tributary inflows. 
 
Aside from high biological productivity, these areas may accumulate sediments that store contaminants.  
The USGS is currently studying the sediment chemistry of Colorado River delta 
(http:/az.water.usgs.gov/projects/az180.html). 
 
Other management issues include: 1) the potential introduction of zebra mussels; 2) sedimentation and 
pollution from upstream mills; 3) impact from mine tailings; 4) development in upriver watersheds; 5) 
impacts of long-term drought; and 6) impact of global climate change.  Specific contaminant concerns are 
hydrocarbons, lead, arsenic, mercury, selenium, and perhaps PCBs.  These relate to use of personal 
watercraft, atmospheric deposition from coal-fired power plants, and natural background levels. 
 
The Paria River from the Utah border to the Colorado is listed on the Arizona 303(d) list of impaired 
waters due to suspended sediments and salinity (Table B1), and the state of Utah has listed the Paria 
River from the Arizona-Utah border to the Cottonwood Creek confluence as impaired due to high levels of 
salinity, TDS, and chlorides (Utah Department of Environmental Quality 2004).  In addition, both Lake 
Powell and the Colorado River from Lake Powell to the Paria River appear on the state of Arizona’s 
planning list due to incomplete information. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Impacts related to recreational use of Lake Powell 
• Off-road vehicles 
• Road construction 
• Resource extraction and processing upstream 
• Invasion of exotic plant and animal species 
• Livestock grazing impacts 
• Past and present grazing in the park and on adjacent lands 
• Wildland fire potential and related impacts 
• Sedimentation 
• Potential for mobilization of contaminants accumulated in sediments due to low lake levels 
• Influence of changing lake levels on tributary mouths 
• Climate trends and extreme events 
• 303(d) listing of Paria River for suspended sediments and turbidity 
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Past and Current Monitoring 
The aquatic ecologist at Glen Canyon NRA manages the Beach Monitoring Program, designed to protect 
public health and determine compliance with state and federal water quality standards on Lake Powell.  
Since 1988, Glen Canyon NRA staff have collected and tested water samples for bacterial analysis from 
beach and other locations during the peak visitation season (Memorial Day – Labor Day).  Each year the 
program has expanded, gaining emphasis and expertise (Anderson 2002). 
 
The Grand Canyon Monitoring and Research Center (GCMRC) measures effects of Glen Canyon Dam 
operations on the resources along the Colorado River from Glen Canyon Dam to Lake Mead.  As part of 
this effort, GCMRC monitors water quality at 35 locations along the main stem of Lake Powell quarterly, 
and at the forebay and below the dam monthly.  Glen Canyon NRA staff would like to see data from this 
effort.  The endangered fish recovery program continues throughout the Colorado River watershed.  The 
US Fish and Wildlife Service monitor inflows from the San Juan River.  Aquatic invertebrate surveys are 
conducted by Glen Canyon’s aquatic ecologist at Stevens and Bowns canyons.  The USGS and Park 
Service (Mueller et al. 1999) conducted an inventory of invertebrates on the Escalante River.  Other 
USGS research consists of evaluating visitation and recreational use on water quality in side canyons of 
Lake Powell (http:/az.water.usgs.gov/projectsaz179.html).  Hydrocarbons in Lake Powell are being 
reviewed by the EPA, NPS, State of Utah and the USGS (M. Anderson, GLCA, personal communication, 
7/24/03). 
 
There are several USGS stream gages on tributaries to Lake Powell and downstream of the dam.  The 
gage at Lee’s Ferry (USGS 09380000) monitors flow and water quality.  Other currently monitored 
tributaries are the Escalante (09337500) Dirty Devil (09333500), Paria (09382000) and San Juan 
(09379500) rivers.   Below the dam the monitoring station is 09379910 Colorado River below Glen 
Canyon Dam, Arizona.  Other stream gages within and near the park identified by Glen Canyon NRA staff 
include the following: 09334000, 09333500, 09338000, 09334500, 09379900, 09381999 and 09333000. 
 
Data Sets and GIS Information 
NPS (1994) compiled available water quality data sets as a part of the water quality data inventory and 
analysis report.  These are in digital form.  The park unit maintains the bacteriological data.  Data sets 
related to much of John Spence’s work on the springs at seeps are available.  The GCRMC also holds a 
database, but it is unclear where this information is located.  The USGS through its current efforts on 
assessing sediment chemistry and evaluating visitation and recreation on water quality will also develop 
databases.  A number of file folders and reports with unknown authors hold water quality and quantity 
data.  These are listed in the bibliography. 
 
Glen Canyon NRA staff have developed GIS layers for seep and spring locations, livestock 
impoundments, water quality sampling sites, hydrography (1:100,000), endangered fish tag studies, 
invertebrate sampling sites, beach monitoring sites for bacteria, and bathymetry. 
 
Literature Review 
Glen Canyon’s Resource Management Plan (GLCA 1995) identifies maintenance of high water quality 
and general protection of its aquatic resources as goals.  To that end, several inventory and monitoring 
efforts (listed above) have occurred or continue.  A water resources management plan was developed for 
the park unit (NPS 1987).  The plan presents issues and project statements similar to those occurring 
presently. 
 
Cooley (1965) conducted some of the seminal work on springs in the Glen Canyon Region.  This work 
has been followed by Spence (1995, 1996, 1997, 2002) and Spence and Zimmerman (1996) who 
conducted a number of seep, spring, hanging garden and riparian studies. 
 
Some of the earliest work at the recreation area was funded by the National Science Foundation and 
resulted in the study of mercury in the Lake Powell ecosystem.  Some fish showed mercury levels 
exceeding standards of the time (Standiford et al. 1973).  Mercury contamination in fish from the reservoir 
remains a concern.  Other studies regarding water quality include Merritt and Johnson (1978) studying 
reservoir currents, Kidd and Potter (1978) reviewing metallic cations in the reservoir, Lively-Schall and 
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Foust (1988) analyzing the surface water of Glen Canyon, the NPS (1994) inventory and data analysis, 
Barry and Long (1995) analyzing water quality data, and Taylor et al. (1997) measuring water quality of 
spring and seeps in Glen Canyon NRA.  NPS (1994) identifies exceedences of EPA criteria for metals, 
nutrients, pH, and DO.  The EIS for Personal Watercraft (GLCA, no date) presents an abundant amount 
of information on water quality and water resources. 
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Grand Canyon National Park 
Hydrogeologic Setting 
Grand Canyon National Park is one of the largest single protected areas (493,050 ha) within the Colorado 
Plateau.  The canyon encompasses one of North America’s largest rivers, the Colorado River, which 
flows approximately 445 kilometers through the park.  The river has carved an abyss through thousands 
of feet of rock strata that represent over one hundred million years of geologic history (Baars 1983) and 
exposed Precambrian rocks close to two-billion years old at the canyon bottom.  Flowing into the 
Colorado are approximately 181 kilometers of streams with perennial flows.  They flow from the Kaibab 
and Kanab plateaus, which comprise the North Rim of the Canyon, and the Coconino Plateau, which 
forms the South Rim.  The Shivwits and Unikaret plateaus, also giving rise to tributaries, comprise the 
western portion of the park. 
 
Most of the water flowing in the Colorado River through the Grand Canyon originates in the high mountain 
areas that rim the Upper Colorado drainage basin.  Runoff in the Colorado River at Lees Ferry, Arizona, 
the head of the Grand Canyon, has ranged from 5.6 to 24.0 million acre-feet per year.  Ten-year 
averages have ranged from 11.6 to 18.8 million acre-feet.  This variability is significant in modern 
Colorado River management.  A 25-year period (1906-1930) of predominantly above-average runoff was 
used to allocate water in the Colorado River to seven western states and Mexico (the 1922 Colorado 
River Compact and 1944 Mexican Water Treaty, respectively).  The following 40 years (1931-1970) had 
predominantly below-average runoff.  Current allocation accounts for nearly complete use of the Colorado 
River’s flow.  Springs and tributaries entering the Colorado in Grand Canyon contribute about 0.5 million 
acre-feet of water to the Colorado River annually- these are the river’s native waters (information from 
SCPN summaries 2003). 
 
The river moves a tremendous amount of sediment downstream, but the load has been dampened by the 
upstream Glen Canyon Dam.  The Glen Canyon Dam has dramatically changed peak flows and physical 
characteristics of the river water.  The largest observed flood on the Colorado occurred in July 1884 with 
a flow of 8,496 cubic meters per second (cms).  The largest flood event in the Grand Canyon since the 
creation of the Glen Canyon Dam occurred in 1983 with a flow of 2,605 cms (Grand Canyon National 
Park 1984). 
 
Major tributaries entering the Colorado River from the south are the Little Colorado River and Havasu 
Creek.  These tributaries drain large watersheds on the Colorado Plateau.  The Little Colorado River 
contributes significant amounts of sediment and salt to the Colorado River, a reflection of the land 

http://dwrcdc.nr.utah.gov/ucdc/
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features through which it flows.  Minor tributaries flow into the river from the north, including Kanab Creek.  
The plateaus surrounding the park lack large numbers of perennial streams.  Since infiltration of rain and 
melted snow is rapid and potential evapotranspiration exceeds precipitation, little chance for consistent 
surface flow exists (Grand Canyon National Park 1984).  
 
In the Grand Canyon area, groundwater moves down hydraulic gradients along interconnected rock 
fractures.  Major fractures occurring along faults govern locations of the larger springs.  The park’s Water 
Resources Management Plan (Grand Canyon National Park 1984) recognizes springs emanating from 
the Coconino Sandstone, Hermit Shale, Supai Formation, the Redwall Limestone, the Muav Limestone, 
and the Tapeats Sandstone.  Typically, the Bright Angel Shale forms an impermeable barrier to 
downward movement of water, causing springs to develop in places. 
 
The water quality of springs emanating from exposed cliff walls mirrors the geochemistry of the source 
water flow paths and the residence time of the water.  Due to slower groundwater movement and longer 
residence times, springs located along the south rim are typically characterized by higher levels of total 
dissolved solids.  Along the north rim, groundwater residence times are significantly shorter, resulting in 
springs with generally lower levels of total dissolved solids and higher discharge rates.  The large volume 
springs on the north rim emanate from the Redwall/Mauv Limestone which is very leaky and underlain by 
the less permeable Bright Angel shale layer.  Rapid infiltration occurs along faults, and water discharges 
along cliff faces at the level where higher permeability pathways contact a less impermeable rock stratum 
(D. Sharrow, Zion NP, personal communication, 7/2/03).  Seeps also emanate from the cliff faces and 
occur in the same manner as springs do, yet their flow is very low.  
 
Significant Water Resources 
Water resources within the Grand Canyon are substantial.  In addition to 445 kilometers of the Colorado 
River, 181 kilometers of streams with perennial flows occur in the park.  Intermittent and perennial 
tributaries number greater than 200 and provide habitat for a large number of species.  The current 
assemblage of riparian habitats along the Colorado River corridor has developed since 1963 in response 
to controlled releases from Glen Canyon Dam.  Patchy distribution of riparian habitat along the main 
Colorado River channel and tributaries supports riparian-dependent wildlife.  Most animal species that 
inhabit the inner canyon depend on riparian areas directly or indirectly for food and cover during at least 
part of their life cycles.  The densities of some lizards and birds along the river have been found to be the 
highest recorded anywhere in the park.  The river also supports habitat for the endangered humpback 
chub and razorback sucker. 
 
Numerous lakes, potholes and cienegas occur within the park.  Springs and seeps, numbering in the 
hundreds, provide localized pockets of moisture essential to the survival of native plants and wildlife 
(including the endangered Kanab ambersnail).  Along the South Rim, five or six small springs or seeps 
may be found in almost every side canyon, while springs on the North Rim are usually only one to a 
canyon but with higher flow rates.  Many of these are perennial, providing reliable water sources for 
wildlife.   
 
Potable water for South Rim park facilities is obtained from Roaring Springs in Bright Angel Canyon on 
the North Rim.  It is piped across the Colorado River and pumped from Indian Gardens to the South Rim.   
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Recreation 
• Riparian, aquatic, and wetland habitat 
• Cold water fisheries 
• Springs and hanging gardens 
• Water supply for wildlife 
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•  
Grand Canyon National Park Natural Resource Waters 

Name 
No. intermittent 

reaches 
Intermittent 
Length (km) 

No. perennial 
reaches 

Perennial 
length (km) 

Total Length 
(km) 

Streams      
Unnamed Reaches 1188 2584.5 11 14.0 2598.5 
Albers Wash 7 3.9     3.9 
Asbestos Canyon 1 6.0     6.0 
Awatubi Canyon 1 4.5     4.5 
Badger Canyon     2 2.5 2.5 
Basalt Creek 1 8.4     8.4 
Bass Canyon 1 5.7     5.7 
Beaver Canyon 1 0.1     0.1 
Bedrock Canyon 1 3.5     3.5 
Blacktail Valley* 3 7.5     7.5 
Bonita Creek 1 5.2     5.2 
Boucher Creek* 2 7.0     7.0 
Boulder Creek 1 3.7     3.7 
Boulder Wash 1 2.6     2.6 
Brady Canyon 2 5.4     5.4 
Bridge Canyon 1 0.1     0.1 
Bright Angel Canyon 2 2.1 1 0.9 3.0 
Bright Angel Creek 7 14.0 8 13.8 27.8 
Bright Angel Wash 4 5.1     5.1 
Buck Farm Canyon* 1 4.6     4.6 
Burnt Canyon 12 22.6     22.6 
Burro Canyon* 2 5.4     5.4 
Carbon Creek 1 2.8     2.8 
Cardenas Canyon 1 4.5     4.5 
Castle Canyon 1 5.5     5.5 
Cathedral Wash 1 0.2     0.2 
Cave Canyon 2 8.3     8.3 
Chuar Creek* 1 6.5     6.5 
Clear Creek* 8 17.2     17.2 
Colorado River     335 422.7 422.7 
Comanche Creek 1 4.2     4.2 
Copper Canyon 1 4.1     4.1 
Cottonwood Canyon* 2 6.7     6.7 
Cottonwood Creek* 2 5.8     5.8 
Cove Canyon 4 8.2     8.2 
Cremation Creek 3 5.4     5.4 
Crystal Creek 5 19.2 3 7.4 26.7 
Cunninghams Canyon 1 2.6     2.6 
Deer Creek* 4 11.7     11.7 
Deer Tank Wash 1 3.9     3.9 
Diamond Creek* 1 0.1     0.1 
Dragon Creek 3 13.3     13.3 
Dry Canyon 6 16.1     16.1 
Dutton Canyon 1 5.2     5.2 
East Fork Carbon Creek 1 3.3     3.3 
Escalante Creek 1 4.2     4.2 
Espejo Creek 1 2.4     2.4 
Fall Canyon 2 7.3     7.3 
Fishtail Canyon 5 6.2     6.2 
Flint Creek 5 8.4     8.4 
Forster Canyon* 1 2.5     2.5 
Fossil Canyon* 9 8.8     8.8 
Fuller Canyon 1 8.1     8.1 
Galloway Canyon 3 6.6     6.6 
Garden Creek 1 5.3     5.3 
Garnet Canyon 4 9.2     9.2 
Gawain Abyss 2 5.9     5.9 
Granite Spring Canyon 1 0.1     0.1 
Grapevine Creek* 3 10.8     10.8 
Grass Canyon 2 3.4     3.4 
Hakatai Canyon 2 5.7     5.7 
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Grand Canyon National Park Natural Resource Waters 

Name 
No. intermittent 

reaches 
Intermittent 
Length (km) 

No. perennial 
reaches 

Perennial 
length (km) 

Total Length 
(km) 

Hance Canyon 1 6.1     6.1 
Hance Creek* 2 10.0     10.0 
Haunted Canyon 1 7.2     7.2 
Havasu Creek     4 5.3 5.3 
Heather Wash 1 2.4     2.4 
Hells Hollow 1 0.1     0.1 
Hermit Creek 1 4.1 1 4.9 9.0 
Horn Creek     2 3.2 3.2 
Horse Flat Canyon 1 0.2     0.2 
Horse Spring Canyon 4 7.4     7.4 
Hot Na Na Wash 1 2.8     2.8 
Hotauta Canyon 1 3.6     3.6 
Hundred and Ninetyfour Mile 
Canyon 1 0.1     0.1 
Hundred and Ninetysix Mile 
Creek 1 0.2     0.2 
Hundred and Thirtythree 
Mile Creek 2 3.5     3.5 
Hundred and Twenty Mile 
Creek 4 5.9     5.9 
Hundred and Twentyeight 
Mile Creek 1 7.1     7.1 
Hundred and Twentyseven 
Mile Creek 1 5.6     5.6 
Hundred and Twentytwo 
Mile Creek 2 6.3     6.3 
Jackass Creek 2 2.8     2.8 
Jackson Canyon 1 0.2     0.2 
Jumpup Canyon 2 4.6     4.6 
Kanab Creek* 12 20.8     20.8 
Kwagunt Canyon* 4 13.7     13.7 
Lava Creek 5 14.1     14.1 
Leche-e Wash 1 1.3     1.3 
Lee Canyon 1 0.8     0.8 
Little Colorado River     2 4.2 4.2 
Little Nankoweap Canyon 1 6.1     6.1 
Lonetree Canyon* 1 2.4     2.4 
Long Jim Canyon 3 5.8     5.8 
Lost Creek 1 0.2     0.2 
Malgosa Canyon 1 5.6     5.6 
Manzanita Creek 2 3.7     3.7 
Matkatamiba Canyon* 14 13.2     13.2 
Merlin Abyss 2 5.0     5.0 
Milk Creek 2 11.0     11.0 
Mineral Canyon 1 4.0     4.0 
Modred Abyss 5 7.2     7.2 
Monument Creek     1 5.6 5.6 
Nankoweap Creek     9 14.5 14.5 
Natch Canyon 1 6.3     6.3 
Nautiloid Creek 1 2.1     2.1 
Ninetyfour Mile Creek 2 6.0     6.0 
Ninetyone Mile Creek 1 3.9     3.9 
North Creek 3 7.7     7.7 
North Fork Robinson Wash 1 0.9     0.9 
Obi Canyon 1 6.3     6.3 
Olo Canyon* 8 9.3     9.3 
Outlet Canyon 4 12.9     12.9 
Palisades Creek 1 3.0     3.0 
Papago Creek 2 4.7     4.7 
Parashant Canyon 8 9.3     9.3 
Pasture Wash 2 5.2     5.2 
Phantom Canyon 1 3.6     3.6 
Phantom Creek 2 8.2 3 6.5 14.7 
Pipe Creek* 2 6.1     6.1 
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Grand Canyon National Park Natural Resource Waters 

Name 
No. intermittent 

reaches 
Intermittent 
Length (km) 

No. perennial 
reaches 

Perennial 
length (km) 

Total Length 
(km) 

Prairie Wash 1 0.7     0.7 
Price Canyon 3 6.7     6.7 
Prospect Canyon 1 0.1     0.1 
Red Canyon 1 5.8     5.8 
Redwall Canyon 1 4.0     4.0 
Rider Canyon 3 6.2     6.2 
Roaring Springs Canyon 1 7.9     7.9 
Roundy Creek 1 1.6     1.6 
Royal Arch Creek* 6 8.2     8.2 
Ruby Canyon* 1 5.9     5.9 
Saddle Canyon* 7 17.7     17.7 
Saddle Horse Canyon 3 2.1     2.1 
Saffron Valley*     1 6.8 6.8 
Salt Creek* 5 12.6     12.6 
Salt Water Wash 1 1.6     1.6 
Sapphire Canyon* 1 5.5     5.5 
Serpentine Canyon* 1 3.4     3.4 
Seventyfive Mile Creek 1 6.0     6.0 
Sheep Spring Wash 2 3.0     3.0 
Shinumo Creek 8 20.2 3 4.5 24.7 
Sinyella Canyon 1 7.4     7.4 
Sixtymile Creek 1 6.4     6.4 
Slate Creek 1 7.1     7.1 
Soap Creek     2 4.9 4.9 
South Canyon 3 9.2     9.2 
South Fork Big Spring 
Canyon 1 4.5     4.5 
South Fork Soap Creek 1 2.4     2.4 
Specter Chasm 3 3.7     3.7 
Spencer Canyon* 1 0.2     0.2 
Spring Canyon* 5 11.0     11.0 
Stairway Canyon 1 5.2     5.2 
Stone Creek* 1 5.5     5.5 
Surprise Canyon     22 39.0 39.0 
Tanner Canyon 2 9.6     9.6 
Tanner Wash 1 6.2     6.2 
Tapeats Creek 9 11.5 5 5.6 17.1 
Tatahatso Wash 2 4.6     4.6 
Tatahoysa Wash 1 2.7     2.7 
Thompson Canyon 10 18.4     18.4 
Thunder River     1 0.8 0.8 
Tiger Wash 1 3.4     3.4 
Tincanebitts Canyon 9 15.7     15.7 
To Hajisho 1 2.2     2.2 
Transept, The 2 12.5     12.5 
Trinity Creek 3 8.8     8.8 
Tuna Creek 3 10.0     10.0 
Twentynine Mile Canyon 1 7.0     7.0 
Twin Creek Canyon 3 6.7     6.7 
Twin Spring Canyon 11 16.6     16.6 
Two Hundred and 
Fifteenmile Creek 1 0.2     0.2 
Two Hundred and Fivemile 
Creek 1 0.1     0.1 
Two Hundred and 
Fourteenmile Creek 1 5.6     5.6 
Two Hundred and 
Twentytwo Mile Creek 1 0.2     0.2 
Unkar Creek* 4 11.7     11.7 
Vishnu Creek* 1 10.4     10.4 
Wall Creek* 1 3.1     3.1 
West Fork Carbon Creek 1 5.5     5.5 
West Fork Separation 
Canyon 2 6.9     6.9 
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Grand Canyon National Park Natural Resource Waters 

Name 
No. intermittent 

reaches 
Intermittent 
Length (km) 

No. perennial 
reaches 

Perennial 
length (km) 

Total Length 
(km) 

White Creek     7 10.6 10.6 
Whitmore Wash 2 1.6     1.6 
Zoroaster Canyon 1 4.6     4.6 

Springs, seeps and 
hanging gardens1      

GRCA 0298: Bert’s Canyon 
spring      

GRCA 0698: Hance Spring      
GRCA 0798: Elves Chasm      
GRCA 1198: RM 147R 
spring      

GRCA 1298: Matkatamiba 
Canyon spring      

GRCA 1398: Ledges spring      
GRCA 1498: Slimy Tick 
Canyon spring      

GRCA 1598: Fern Glen 
springs      

Other springs, seeps and 
hanging gardens2      

JT Spring 3      
Miners Spring 3      
O'Neil Spring3      
Cottonwood Spring3      
Grapevine East3      
Grapevine Spring3      
Boulder Spring3      
Lonetree Spring3      
Horn Spring3      
Salt Spring3      
Hermit Spring #13      
Hermit Spring #23      
Hermit Spring #33      
Hermit Spring #43      
Boucher Spring #13      
Boucher Spring #23      
Turquoise Spring3 (?)      
Olo Spring3      
Matkatamiba #13      
Matkatamiba #23      
Roaring Springs3      
Pumpkin Spring      

Unnamed Others      
Numerous lakes      
Cienega      
Tinaja and potholes      
1-identification of springs, seeps and hanging gardens are from Spence, J. (2003) Surveys of springs in the Colorado River 
drainage in Arches National Park, Canyonlands National Park, Glen Canyon National Recreation Area and Grand Canyon National 
Park.  Glen Canyon National Recreation Area, National Park Service. 
2-other springs, seeps and hanging gardens are present but were not documented in Spence, J. (2003) or by Rihs, J. (2004) and 
named references were unavailable. 
3-Springs identified by Rihs, J. (2004) in monitoring matrix excel spreadsheet 
* - Resources are perennial either in part or completely, however the length of perennial water is unknown. (Pers. Comm, John 
Rihs) 
 
Management and Scientific Issues 
The lack of an updated and comprehensive water resource management plan was cited as a significant 
management issue.  Need for additional water resource monitoring data to characterize natural 
conditions, particularly for groundwater levels and at springs and seeps, was another key issue.  
 
No waters are designated as Outstanding Natural Resource Waters, but the Colorado River between 
Parashant and Diamond Creek is on the Arizona’s 303(d) list.  This reach is 45 km long and is listed on 
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303(d) due to excessive selenium and suspended sediments.  In addition, several small tributaries of the 
Colorado River located within the boundaries of GRCA, while not listed as impaired, are identified as a 
concern due to lack of sufficient information.  These include Boucher Creek, Chuar Creek, Clear Creek, 
Crystal Creek, Deer Creek, Garden Creek, Havasu Canyon Creek, Hermit Creek, Kwagunt Creek, 
Monument Creek, Nankoweap Creek, National Canyon Creek, Royal Arch Creek, Saddle Canyon Creek, 
Shinumo Creek, Spring Canyon Creek, Tapeats Creek, 
 
The potential effect of groundwater extraction near the South Rim on springs and seeps is a major 
concern to the park.  Park staff noted the presence of municipal water supply wells located near Tusayan 
and Williams, and an ongoing increase in groundwater development over a broad area in the vicinity of 
the South Rim.  Currently, ten wells have been completed in the Coconino Plateau south of the park and 
more are likely to be drilled to alleviate chronic water shortages for human uses.  Human needs for water 
south of the Park are expected to rise rapidly. 
 
The lack of a single groundwater monitoring well on the South Rim of the Grand Canyon, either within or 
external to the park, is a major scientific issue.  Municipal water suppliers in the area have refused to 
share operational data such as water levels and pumping volumes with government agencies.  Monitoring 
for the purpose of identifying response to precipitation, long-term trends in groundwater levels, and 
refinement of a conceptual model of the dynamics between precipitation, groundwater levels and spring 
flow is essential to the long-term protection of the springs and seeps.  There is a significant need for 
inventory and monitoring of springs and seeps, many of which are not documented. 
 
The park itself obtains its drinking water by diverting 60% of Roaring Springs from below the North Rim 
into a pipeline, which leaves 40% of Roaring Springs to flow into Bright Angel Creek.  It is piped down, 
across the Colorado River, and pumped to storage facilities at the park.  The pipeline that supplies about 
171 MG (1999) of water to the South Rim is greater than 30 years old.  A decade ago, an engineering 
report predicted a catastrophic failure of the trans-canyon pipeline by 2000.  While total failure has not 
occurred, the pipeline is deteriorating,breaks frequently, and annual repair bills of $2,000,000 are 
common (Grand Canyon 2003).  Extraction of ground water on the South rim could also reduce spring 
discharge. 
 
Another external stressor for the park is the Glen Canyon Dam.  Creation of the dam upstream of the 
Grand Canyon caused drastic changes in the nature of Colorado River flows within the canyon.  As a 
result of controlled releases of water planned mainly to optimize electrical generation and water levels in 
Lake Powell, variability in seasonal flow patterns was greatly reduced, but daily flows fluctuate about 61 
cm in a 24-hour period.  In addition, seasonally variable water temperatures stabilized to an average of 
55-60oF at Diamond Creek, very different from pre-dam conditions, and loads of suspended sediments 
from sources upstream of the dam were eliminated.  The effects of these changes on Grand Canyon 
aquatic and riparian ecology cannot be overstated.  In absence of annual flooding that can scour the 
river’s banks, as well as the current predominance of stable annual flows, riparian vegetation in the 
Canyon has increased greatly, including native marsh plants and the exotic tamarisk (Dawdy 1991).  
Resultant changes to downstream ecosystem water quality are also significant (Foust and Hoppe 1984). 
 
External impacts on the North Rim include the presence of livestock (buffalo) resulting in damage to 
riparian and wetland areas and soil loss.  The impacts of uranium mining, either at the closed Orfa mines 
or at ongoing operations to the south, are not well characterized. 
 
Internal threats to park water resources include invasion of exotic species, recreational use, and park 
infrastructure.  The impacts of exotic species on ecosystems are well documented.  A current grant from 
the Arizona Water Protection Fund (AWPF) funds eradication of tamarisk from 63 tributaries in the Grand 
Canyon.  Which of these tributaries, if any, are located within Grand Canyon NP is not currently known.  
Use of the Colorado River for recreational purposes may adversely impact the resources of the river 
corridor.  Over 800 river trips launch each year from Lees Ferry.  Visitors on these trips utilize the water 
and limited beach resources of the Canyon.  Congestion at popular sites leaves multiple trails, tramples 
vegetation, and compacts soils.  Visitors that do not adhere to river use requirements leave trash, 
charcoal, and human waste, and may damage prehistoric and historic sites near the river.  The potential 
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for both river and spring waters to be contaminated with fecal streptococcus, fecal coliform or norovirus is 
a health concern. 
 
Park infrastructure including continued development within the defined developed park area, effluent from 
treated sewage, and chlorination of water has potential to impact water resources.  Park managers do 
obtain permits and operate facilities according to regulations to avoid impacts to water resources.   
 
A significant management issue is the need for a database suitable for integrating information from many 
sources.  Due to the sheer size of Grand Canyon NP, integration of data from physical, chemical and 
biological monitoring is a major unmet need.  The need for a database to aid in understanding and 
coordinated management of physical, chemical and biological resources was identified as a very high 
priority by Grand Canyon NP staff.   
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Coconino Plateau groundwater extraction and related water level decline  
• Characterization of groundwater levels and the relationship between groundwater, springs and 

seeps 
• Protection of groundwater supply to springs 
• Impact of Glen Canyon Dam 
• Park facilities on canyon rims 
• Past and present grazing in the park and on adjacent lands 
• Impacts related to recreational use  
• Erosion and sedimentation 
• Resource extraction 
• Exotic plant and animal species 
• Climate trends and extreme events 
• The Colorado River between Parashant and Diamond Creek on the Arizona’s 303(d) list.   
 

Past and Current Monitoring 
Water resource monitoring projects at Grand Canyon NP have been or are being conducted by NPS, 
USGS, US EPA, Bureau of Reclamation (BOR), State of Utah Department of Health, Northern Arizona 
University (NAU) and Grand Canyon Wildlands Council, Inc. (GCWC).  Other cooperating groups not 
identified here may be involved.  Several of these studies were funded by the Arizona Water Protection 
Fund (AWPF).   
 
Hydrologic and biological assessments of 12 springs and seeps on the South Rim were funded by AWPF 
and are currently in progress.  Another AWPF grant was awarded to the City of Williams for the purpose 
of determining the physical boundaries and flow directions of groundwater systems that supply the major 
springs of the Coconino Plateau in the Greater Grand Canyon region.  The goals of the project, 
conducted by the USGS, was to provide data for estimating impacts of development on springs and 
riparian habitats through wells and spring inventories, to determine additional data needs, and to develop 
a monitoring plan for collection of baseline data.  Ongoing monitoring projects include 
 
• Three stream gages for continuous monitoring of discharge (NPS/USGS). 
• Manual discharge monitoring at two streams eight times per year 
• Biologic inventory and habitat mapping (NPS/GCWC) 
• Water chemistry study at over 30 sites (NPS/USGS) 
• Geologic mapping (NPS/USGS) 
• Geophysical studies and mapping (NPS/USGS) 
• Grand Canyon springs and ecosystems coupled models (NAU/USGS/NPS) 
• Alternative sources of water study (BOR, recently completed) 
• Park-wide inventory and data gathering of water, cave, and karst resources 
 
The park currently partners with the following to meet program needs for water resources (J. Rihs, WRD 
presentation 2002): 
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• USGS-WRD, GRD, and BRD (work closely with two offices on 3 concurrent projects) 
• Grand Canyon Wildlands Council (contracted for biologic surveys) 
• Grand Canyon Trust  
• Hualipai Tribe, Havasupai Tribe, Navajo Tribe, Hopi Tribe (among others) 
• Coconino County 
• City of Flagstaff 
• City of Williams 
• Tusayan Village 
• North Central Arizona Water Advisory Commission 
• Northern Arizona University 
• Arizona State University 
• Northern Arizona Grotto (local cavers) 
• NSS (regional caving group) 
• NPS-WASO-Water Resources Division 
• Kaibab National Forest 
• Private Stakeholders 
 
Project Statements, Data Sets and GIS Layers 
The park five has at least five project statements (PMIS) regarding water resources.  They are as follows: 
PMIS 85824 Last Chance Mine – review of uranium contamination.  Reviewed by WASO. 
PMIS 93644 Monitoring of South Rim Springs Water Quality.  Reviewed by Region. 
PMIS 93666 Determine Geochemical characteristics of systems of the Coconino Plateau.  Park 

approved. 
PMIS 93594  South Rim Springs Water Quality Monitoring.  Reviewed by Region. 
PMIS 93782 Assessment of Water Quality of Some South Rim Area Springs – Phase 2.  Reviewed by 

Region. 
 
The park has two data sets referred to as the old water database (previously a card file database) and the 
new water database.  The old water database consists of a Microsoft Access database and a GIS 
component which features locations of springs, seeps, cienagas and other water features.  The new 
water database consists of water quality and quantity data.  The incorporation of data gathered by other 
agencies and organizations into these databases is a priority. 
 
The development status of GIS water resource data layers for Grand Canyon NP is not well known at this 
time. 
 
Several streamflow gages exist (some maybe active and others discontinued) within and near the park.  
They include: USGS09383100, 09403000, 09402500, 09402599, 09404120, and 0904200.  One new 
gage is found at Hermit Creek, and two are located on Cottonwood Creek (J. Rihs, GRCA, pers. comm., 
7/22/2003). 
 
Literature Review  
NPS Resource Management Plan (1997) notes that GRCA encompasses one of North America’s major 
rivers, the Colorado.  It also acknowledges the importance of springs, seeps, and the riparian areas along 
its major tributaries.  With respect to water resources, the park outlines various objectives including: 1) 
management of the Colorado River to restore or mimic, to the degree feasible, pre-dam natural and 
physical processes, including fish, wildlife and plant populations, and ecological relationships; 2) 
protection and conservation of sources and quality of natural water resources; 3) development of a 
comprehensive database on surface and groundwater sources; 4) monitoring of key sources; 5) 
maintenance, rehabilitation, and perpetuation of the inherent integrity of water resources that originate 
both within and outside park boundaries, and 6) eradication of alien plant species. 
 
The most recent water resources management plan for Grand Canyon NP was completed in 1984.  NPS 
(U.S. National Park Service 1996) provided an inventory and analysis of baseline water quality within and 
external to the park.  Numerous parameters exceeded EPA freshwater aquatic life and drinking water 
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standards.  Most recently, Monroe et al. (in press) characterize groundwater discharge at selected springs 
along the south rim of the Grand Canyon.  The USGS has published a fact sheet available regarding an 
ongoing study of the geology and hydrology of the Coconino Plateau (Hart et al. 2002).  The USGS also 
studied the hydrogeology and ground-water budget of the C Aquifer (Coconino Aquifer) of the Little 
Colorado River, tributary to the Colorado River (USGS 2002). 
 
The water resources of Grand Canyon NP and its environs are the subject of many publications.  While a 
summary of these is beyond the scope of this report, a bibliography can be found in the NatureBib 
system.  In addition, an updated bibliography is currently being compiled for Grand Canyon NP by SWCA 
Environmental Consultants of Flagstaff. 
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Hubbell Trading Post National Historic 
Hydrogeologic Setting 
Hubbell Trading Post NHS is located in the Ganado Valley at the base of the Defiance Plateau.  Hubbell 
Hill forms the northwest viewshed and Beautiful Valley lies to the west.  The Pueblo Colorado Wash flows 
through the northern portion of the site boundary. 
 
The channel of Pueblo Colorado Wash consists of meandering sand channel and terrace floodplain 
deposits that are periodically inundated by runoff from winter or intense summer storms.  The bedrock 
under the channel consists of sandstones, siltstones and claystone (USGS 1999).  Length of the Pueblo 
Colorado Wash channel within the site boundaries is about 925 meters. 
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Significant Water Resources 
An intermittent stream, Pueblo Colorado Wash, and an irrigation ditch run through Hubbell Trading Post 
NHS.  The presence of Pueblo Colorado Wash creates a uniquely lush valley in this semi-arid landscape.  
In the past, invasion of exotic species in combination with grazing, flood control, and additional diversion 
had degraded Pueblo Colorado Wash, resulting in an unnaturally narrow, deeply incised flow channel.  
Since 1996, the park has undertaken major restoration enhancement efforts of the stream channel and 
the riparian environment of the wash within the park.  Tamarisk and Russian olive were removed, and 
induced meandering was implemented as a means of restoring riparian and stream health.  To date the 
project has proven highly successful (Hubbell Trading Post NHS and Navajo Nation EPA 2001).  
 
Following the removal of heavy growth of tamarisk and Russian olive in the stream channel, two springs 
were identified along the banks of Pueblo Colorado Wash.  One of these, Wide Reeds Ruins Spring, 
flows from bedrock along the south bank just below Wide Reeds Ruins.  The second spring flows from 
the base of alluvial deposits on top of the bedrock on the north bank across from Wide Reeds Ruins 
Spring (USGS 1999).   
 
These water sources not only continue to provide habitat for wildlife, in the past they provided water for 
agricultural production on the 65 hectares site.  Water was diverted from the wash two miles upstream 
and directed through an irrigation ditch to maintain agricultural practices begun in the 1900s by 
homesteader, John Lorenzo Hubbell.  The Bureau of Reclamation's Ganado Irrigation Water 
Conservation Project recently placed pipe in the same irrigation ditch to enable the reintroduction of 
agriculture to the community of Ganado through the delivery of irrigation water which will also furnish 
irrigation water to the Historic Site.  The Historic Site, once again, will cultivate agricultural fields (Hubbell 
Trading Post National Historic Site 2003). 
 
The Ganado Irrigation Water Conservation Project has brought together the BoR, Natural Resources 
Conservation Service (NRCS) and many other partners, including the Fort Defiance Soil and Water 
Conservation District, the Navajo Nation, BIA, and the University of Arizona, on a project to rehabilitate 
the Ganado Irrigation Project.  When completed, the project will provide the community of Ganado, 
including Hubbell Trading Post NHS, with irrigation water.  Fields once cultivated by Hubbell will be 
returned to agricultural use (Hubbell Trading Post NHS 2003).  The irrigation ditch at Hubbell Trading 
Post NHS is about 300 meter in length. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Water sources for wildlife 
• Riparian habitat  
• Association of site with Pueblo Colorado Wash, historic view of park as an oasis 
• Restoration of wash vegetation and hydrologic function in park reach 
• Springs 

 
 

Hubbell Trading Post National Historic Site Natural Resource Waters 

Name 
Intermittent 
Length (km) 

Perennial 
length (km) 

Total Length 
(km) 

Pueblo Colorado Wash <1   <1 
Irrigation Ditch <1   <1 

Springs       
North Wide Reed Ruins Spring       
South Wide Reed Ruins Spring       

 
 
Management and Scientific Issues 
Threats to water resources within the site include: 1) erosion, 2) invasive exotic species, and 3) irrigation 
practices and return of agriculture.  Exotic species along the Pueblo Colorado Wash, especially tamarisk 
(Tamarix spp.) and Russian olive (Elaeagnus angustifolia) have been almost completely removed from 
within the park environment.  Yet, re-sprouts occur and must be removed annually.  These exotics, 
particularly tamarisk, utilize water that could be utilized by native species.  The bed and bank stabilization 
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thought to occur from their establishment in riparian areas can restrict water flow and lead to increased 
channel incision or overbank flooding frequencies by reducing the capacity of streams to adjust to 
changes in flow (Graf 1978).  Conversely, removal of exotics and their stabilizing nature may exacerbate 
erosion of the channel.  However, establishment of rushes within the active stream channel; and willows, 
rabbitbrush and other vegetation on the active floodplain can eliminate this concern.  These plants have 
already established since the wash restoration project began. 
 
Agriculture was a major mainstay of the Hubbell freighting and trading operation.  The fields have been 
uncultivated since the mid 1950s when the original earthen ditch irrigation system fell into disrepair.  The 
Bureau of Reclamation has rehabilitated the irrigation system with a piped system to deliver water once 
again to the Hubbell fields as well as to other fields of the Ganado community.  Agriculture and diversion 
of water will impact water quantity and quality in Pueblo Colorado Wash.  While a benefit to the 
community, loss of water from the wash may reduce sediment movement and storage, may reduce 
available water for riparian vegetation, and can impair water quality based on agriculture practices.  
Excess nutrients, pesticides, and sedimentation are concerns when agricultural operations do not use 
sustainable practices. 
 
The Navajo Nation Department of Water Resources has determined that they can divert maximum flows 
from Pueblo Colorado Wash for beneficial use.  How this would impact flows in the wash is a potential 
issue since Hubbell Trading Post NHS maintains water rights in Colorado Pueblo Wash.   
 
External to the park, grazing livestock can access all surrounding lands, potentially impacting soils and 
vegetation in riparian areas and causing erosion and water quality degradation.  Development in the 
community contributes to erosion of the surrounding watershed and may contribute to sedimentation in 
the wash within Hubbell Trading Post NHS boundaries.  Illegal dumping is another threat to the water 
resources of the park unit.  Trash dumping and fill and excavation operations also occur outside of the 
park, but the park unit has worked with the Navajo Nation to remove dumps.  Sewage disposal for 
Ganado also exists along Colorado Pueblo Wash upstream of the park unit. 
 
The park unit’s water supply comes from a well located near the maintenance shop.  The water is leased 
to the Navajo Tribal Utility Authority, and the terms of agreement stipulate that the Tribal Authority is 
responsible for monitoring the well. 
 
A discontinued stream flow gage was located on Naakai Na Daachaahi Wash.  Currently, flow is 
monitored at the wash and springs when water quality samples are taken. 
 
There are no 303(d) or ONRW designated waters within the park unit. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Invasion of exotic plants  
• Diversion of surface flows to Pueblo Colorado Wash for irrigation 
• Grazing outside the park 
• Potential for wildfire in watershed outside park 
• Climate trends and extreme events 

 
 
Past and Current Monitoring 
Two sites approximately 13 kilometers upstream of Hubbell Trading Post NHS on Kinlichee Creek were 
monitored in October 1978 as part of the US Department of Energy’s National Uranium Resource 
Evaluation Hydrogeochemical and Stream Sediment Reconnaissance Program.  Level I inventory and 
water quality monitoring by the USGS took place between 1998 and 2000 at Pueblo Colorado Wash and 
the springs.  The Navajo Nation EPA is in the last year of two, three-year grant periods for collection of 
water quality samples and water quantity measurements. 
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Park staff monitor and treat resprouts of tamarisk and Russian olive.  Health of the stream channel, 
including wildlife and vegetation in Pueblo Colorado Wash, is also monitored as part of an Arizona Water 
Protection Fund grant. 
 
The Navajo Nation Department of Fish and Wildlife has an ongoing program to inventory plants, birds, 
mammals, reptiles, and amphibians jointly with the SCPN Inventory and Monitoring program. 
 
Hubbell Trading Post NHS staff will cooperate with Northern Arizona University (NAU) to conduct a two-
year water quality baseline assessment of flows in Pueblo Colorado Wash.  In a joint project with the 
BOR, Hubbell Trading Post NHS will use treated effluent to nurture cottonwoods planted along the 
southwestern floodplain of the wash to reduce bank erosion and reproduce the historic character of the 
site.   
 
Data Sets and GIS Information 
The Historic Site has on file hardcopies of water quality reports from the USGS.  None of the data are in 
digital format.   
 
Most of the available GIS data layers for Hubbell Trading Post NHS relate to cultural resources.   
 
Literature Review 
The Cultural Landscape Report (Froeschauer-Nelson 1998) describes the park unit with emphasis on 
preserving the historical landscape features   
 
The Resource Management Plan (1998) for Hubbell Trading Post NHS discusses the following water 
resource issues: 1) reintroduction of irrigation and farming to the Hubbell lands in cooperation with the 
community of Ganado and adjacent neighbors, 2) exotic plant species invasion in Pueblo Colorado Wash, 
3) water quality impacts in Pueblo Colorado Wash due to trash dumping and fill activities, and 4) erosion 
along Pueblo Colorado Wash.   
 
The baseline water quality analysis report (NPS 1997) found few data within the vicinity of the park and 
nothing inside the park.  More recently, Hubbell Trading Post NHS and the Navajo Nation EPA (2001) 
published provisional water quality data for a period during the wash restoration effort.  The park unit also 
has on file water quality data collected by the USGS.   
 
The recently published Environmental Assessment of reintroduction of agriculture to the Historic Site 
(2003) relates the benefits and impacts associated with this effort. 
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Mesa Verde National Park 
Hydrogeologic Setting  
The cuesta that is called Mesa Verde is incised by many deep, long canyons separating numerous 
narrow, parallel mesas.  These canyons drain to the south.  The cuesta is an erosional remnant rising 488 
to 640 meters above the Dolores Plateau.  The north face is steep and supports few springs and 
ephemeral drainages.  The Mancos River flows year around along the park’s east boundary.  The mesas 
and canyons of the cuesta extend to the west well beyond the park.  
 
The rock layers (Mancos Shale, Point Lookout Sandstone, Menefee Shale, and Cliff House Sandstone) 
exposed at Mesa Verde originated from an inland sea that covered the area during the Cretaceous 
Period.  Uplift of the area at the end of the Cretaceous Period drained the sea and initiated a long period 
of erosion that gave rise to the present topography.  Most springs emanate from the Cliff House 
Sandstone and Menefee Shale, however, on the north side of the park, few springs emanate from the 
Mancos Shale. 
 
Significant Water Resources 
Approximately 310 surface water sites have been identified in the Park including cliff base springs, 
drainage springs, potholes, historic wells, the Mancos River, and a few modern man-made sources (Allan 
Loy, Geographer, MEVE, pers. comm., 6/23/2003).  The only perennial stream in the area is the Mancos 
River, which flows for 7.5 km, along the east edge of the park and south edge of the cuesta.  The river is 
the only natural water source that originates outside Mesa Verde.  Ephemeral and intermittent drainages 
run through the canyons, totaling about 168 km in length, but water typically flows through these canyons 
for 0.8 km or less.  During dry periods pools may persist, but occassionally entire water sites dry up 
completely for several months in mid-summer.  
 
Average yearly precipitation at Mesa Verde amounts to approximately 46 centimeters.  The source of 
water for approximately 158 documented springs and seeps is snowmelt and late summer rains; the 
snowmelt recharges aquifers in the Cliff House and the underlying Menefee sandstones along fault and 
joint fractures, and flashfloods 3 meters deep or more may inundate canyon bottoms after strong summer 
thunderstorms.  The Mancos Shale also supports some springs which most likely occur along fault lines.  
A list of 58 key water sites on file at the park warrant continued monitoring since they are heavily used by 
wildlife and are dependable sources of free water (Mesa Verde National Park, no date, park files). 
 
In addition to springs, which support wildlife such as amphibians, invertebrates, birds, and various 
mammals, the Mancos River supports only native fish species (blue head sucker (Catostomus 
discobolus), flannelmouth sucker (Catostomus latipinnis), speckled dace (Rhinichthys osculus), and 
roundtail chub) but since the fires, fish have all but disappeared.  This same river supports an important 
and functional riparian zone providing wildlife habitat, food chain support, streambank stability, and flood 
attenuation (Krueger, 1994).  Emerging from the La Plata Mountains north of Mancos, CO, water flows 
through glacial gravels in the Mancos Valley.  This river, having been relieved of grazing pressure since 
1998, still receives various impacts from upstream users.  Lastly, an estimated 200 hectares of wetland 
and riparian habitat exists in at least 23 locations within the park. 
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Summary of key resources and values associated with water quality and aquatic ecosystems: 
• Wetland and riparian habitat 
• Water sources for wildlife 
• Historical association of site habitation with water availability 
• Example of restored native fish community 

 
Mesa Verde National Park Natural Resource Waters 

Park Water Site Identification Number and Key Water Site Name or Location1 

1-Spruce Tree Spring 
4-Spring House Spring 
10-Head of Fewkes Canyon 
14-Reed Springs, Navajo Canyon  
18-Long House Spring 
19-Wickiup Canyon drainage 
20-Navajo Canyon drainage, below head forks 
22-Rock Canyon drainage, below plunge pool 
28-Soda Canyon drainage, south of Battleship Rock 
33-Horse Springs 
37-Waters Canyon drainage, south boundary 
40-Morefield Springs 
50-1-Morefield Well 
50-4-Prater Canyon, lower well 
50-12-Spruce Canyon Well 
50-13-Waters Canyon Well 
50-15-School Section Canyon Well 
50-16-Upper Soda Canyon Well 
50-100-Morefield Sewer Lagoon 
50-101-Far View Sewer Lagoon 
50-102-Cedar Sewer Lagoon 
50-103-Wetherill Lagoon 
50-Pool Canyon 
55-Horse Canyon drainage, south boundary 
56-North Escarpment, below D-Cut 
70-Morefield Cattail Patch 
73-U.S. 160 Spring 
77-Base of Switchback Road 
80-Soda Canyon drainage,  south of APW Trail 
93-Ute Canyon Springs, at mouth 
95-Echo Cliffs Springs, in drainage 
98-Rock Springs roadcut 
117-Whites  Canyon road dam 
118-Long Canyon drainage, below Spring House 
126-Limy Draw 
132-Morefield Reservoir 
137-Soda Canyon drainage, south boundary 
142-Little Long House rim 
155-Whites Canyon reserevoir 
158-School Section Canyon, brown salty pools 
181-Rock Spring sidecanyon, mud pool 
183-Lower Morefield Canyon drainage, cattails 
200-Mancos River in the park 
210-Battleship Rock at south end, “Old Ugly” 
245-School Section Canyon, “Old Brown” 
254-North Escarpment, drainage from shale bluffs 
262-Prater Canyon, Turkey Springs 
268-Far View sewer lagoons drainage 
300-Weber Wash 
301-Weber Canyon Lake 
302-East Canyon drainage 
400-Mud Creek 
401-West Mancos River, water intake 
402-Chicken Creek 
403-Jackson Lake 
404-Totten Lake 
405-McFee Reservoir 
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Mesa Verde National Park Natural Resource Waters 
Park Water Site Identification Number and Key Water Site Name or Location1 

406-Chicken Creek beaver colony 
Moccasin Canyon2 

Unnamed streams2 

1-table consists of listing identified as key water sites by Mesa Verde National Park 
resource staff. 
2- listings not identified as key water sites by Mesa Verde National Park resource staff but 
included in listings developed from other sources. 

 
Management and Scientific Issues 
There are no 303(d) or ONRW designated waters within the Monument, but the Mancos River and its 
tributaries above highway 160 (upstream from the Monument) were listed as impaired due to copper 
contamination in the 2004 303(d) list (Colorado Department of Public Health and Environment 2004).. 
 
Since visitors are restricted to very few areas in the park, the spring sources enjoy few impacts from the 
more than 650,000 annual visitors.  However, 3 separate lagoon systems discharge effluent to Soda, 
Navajo and Morefield canyons.  The Wetherhill system, a fourth lagoon, is fully contained and supports 
the necessary evaporation capacity.  Springs do exist in these canyons and could be impacted. 
 
Many concerns with water inside the park relate to natural impacts, including climate change, recent 
catastrophic fires leading to erosion, and more specifically the recent drought which exacerbates any 
anthropogenic threat to water resources.  Fires alone may be responsible for the loss of fish in the 
Mancos River.  The Mancos River was known to accommodate no non-native fish, and as recently as the 
1960s supported the Colorado pikeminnow and razorback sucker (Krueger 1994).  The recent fire and 
drought initiated a loss of flow in the Mancos five miles upstream from the park.  Associated ash also 
contaminated the river.  Presently, only minnows may inhabit the creek, but the park anticipates re-
colonization of the river. 
 
Water is an issue regarding deterioration of the cliff dwellings.  Martin (1996) described the hydrogeology 
of the area around Cliff Palace and noted that a leach field and water line operations caused seepage. 
 
The roundtail chub (Gila robusta), which inhabits the Mancos River, is a species of special concern in the 
State of New Mexico.  Again, the drought and fires threatened the livelihood of this fish.  The Colorado 
Division of Wildlife, the US Fish and Wildlife Service, the Park Service and the Ute Mountain Tribe 
electroshocked the river and captured 27 adults.  They were transferred to the Alamosa Fish Hatchery 
where a captive breeding effort will supply a future re-introduction event.. 
 
Impacts to the Mancos River from outside the park are mainly due to agricultural development. Jackson 
Reservoir, upstream of the park, stores spring flow waters and thus tempers peak flows on the Mancos 
through the park.  As a result, vegetation encroachment can increase, inhibiting re-working of the stream 
channel from high spring flows.  Peak flows can reach 1,500 cubic feet per second (cfs) and baseflow is 
typically 12 cfs.  During 2003, a severe drought and continued upstream diversions reduced flows to1 cfs.   
 
Besides the quantity issue on the Mancos River, water quality issues include a realm of threats.  Sources 
of water contamination come from 1) high post-fire levels of siltation and ash flow, 2) nitrates, selenium, 
cleansers, sediments, and other pollutants from upstream mine waste and urban sources, and 3) inputs 
of pathogens, pesticides, nutrients, and algaecides from agricultural and urban development.  Three 
natural gas pipelines cross the Mancos River upstream of the park.  In the future, one of those lines may 
carry gasoline instead.  The park expressed concerns regarding potential leaks from the pipelines.  The 
park views the Mancos River waters as impaired. 
 
The park anticipates few threats to the springs’ water quality, but recognizes that discharge from three 
lagoon systems can impact springs in Soda, Navajo, and Morefield canyons.  Quantity has been a 
concern for the park.  In 1998, with the assistance of the NPS Water Resources Division, Mesa Verde 
obtained legal reserved water rights from the state of Colorado for many of its springs.  The natural 
resource staff will need to annually monitor and report on the flows of these springs and declare to what 
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legitimate use the water was put.  These new monitoring responsibilities must be met for the park to 
legally maintain these water rights.   
 
High mercury levels in wet deposition tests suggest that this parameter should be measured in water 
samples.  Acid spikes also found in these wet deposition samples indicate a need to address acid 
deposition impacts on water sources at the park. 
 
One threat of a regional nature is application of malathion for mosquito control and Tordon for weed 
control.  Regional spraying may affect water sources of the park.  Also of regional concern is atmospheric 
deposition related to coal-fired power plants and oil and gas development. 
 
Water quality in the Mesa Verde area appears to be impacted by anthropogenic sources of contaminants 
including industrial and municipal wastewater discharges, stormwater runoff, gravel pit operations, and 
atmospheric deposition of acids, mercury, and other pollutants (National Park Service 2000).  
Furthermore, the park does not have water rights senior enough to ensure perpetual in-stream flows for 
the Mancos River, as park rights date to back to only 1995. 
 
The park obtains its drinking water from the West Fork of the Mancos River.  It is treated and piped to the 
park.  No wells supply the park with water.  However, one particularly deep well at 1,199 meters served 
the park from 1934 to 1950.  It is located near the park’s offices. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Upstream diversions reducing water quantity in Mancos River 
• Trespass grazing by livestock 
• Air quality degradation 
• Effects of wildfire on watershed (ash flow and siltation) 
• Resource extraction and processing impacts (mining; selenium, cleansers, sediment) 
• Invasion of exotic plants  
• Extirpation of native species associated with water resources 
• Visitor impacts 
• Climate trends and extreme events 
• Sedimentation 
• Reintroduction of beaver (Castor canadensis) 
• Reintroduction of roundtail chub (Gila robusta;  New Mexico species of concern) 
• Park lagoon system impacts to springs 
• Inputs of pathogens, pesticides, nutrients, and algaecides from agriculture and urban 

development 
• Potential gas pipeline leaks 
• Mancos sewage treatment plant effluent 

 
Past and Current Monitoring 
The following table identifies current monitoring efforts and recent past efforts.  Cooperators include the 
USGS, USFWS, and Colorado State University.  Any costs of water quality analysis are paid by the park.  
The lack of natural resources staff precludes the park from collecting enough water quality and quantity 
information to assess trends, and recent data has not been uploaded to STORET. 
 
The USGS has cooperated with the park by providing water quality monitoring instruments and 
instruction. 
 
Up to 2002, the park monitored water quality within the Mancos River once per year for 20 years, and it 
monitors 5 spring sites once per year.  Five new spring sites have been added.  Those that were 
monitored recently include Spruce Tree House (1), Long House (2), Morefield Spring (40), and sites 73 
and 77.  Several springs are monitored for flow as a result of reserved water rights.  The numbers used 
by the Colorado Water Resources Division are not the same numbers used in the park identification 
scheme and care should be taken to clearly recognize and relate the two.  The park has a list of springs 



Southern Colorado Plateau Network Phase Two – Appendix B – SCPN Water Resources 

 - B60 - 

reported by the Colorado Water Rights Division for Year 2000.  Presumably, these springs have filed 
rights associated with them (MEVE 2000).   
 
Recently the Mancos River was monitored for pesticides, and poly-aromatic hydrocarbons (PAHs) related 
to post-fire conditions particularly in light of fire retardant drops directly into the river.  Bacteriological data 
have also been collected on the Mancos River.  A suite of major ions, lab pH and conductance, and 
metals are typically measured by the CSU Soils Testing Lab and results sent to and filed by Marilyn 
Colyer, Park botanist.  The park does not monitor for core parameters in situ. 
 
Water quality and quantity monitoring efforts at MEVE. 

Description Monitoring Effort and 
Duration 

Agency conducting 
Monitoring 

Number of stations 
NPS stations/Outside park 

Project inside 
Park? (Y or N) 

Water Quality 5/24/76-2002 NPS  (NPS collects and 
CUS Soils Lab analyzes) 

60/136 (changes year to 
year) Y/N 

Water Quality 10/25/75-7/7/94 USGS 29 N 
Water Quality 5/5/78-9/18/79 Forest Service 1 N 
Water Quality 1/1/01-6/22/93 CO Dept. Health 1 N 

Stream flow @ springs (30 sites) (1998-
future); Water Rights related NPS 30 Y 

Post-fire water quality 2001-2002 NPS-BAER Mancos River Y/N 
Mancos River Gaging Station Water 

Rights related NPS/USGS Mancos River Y 

Mancos River fishery  2001 USFWS Mancos River Y 
Leopard frog study 1992-present NPS Four Corners Area Y 

Invertebrate surveys CSU –Boris Kontradieff, 
Paul Opler Mancos River and other sites Y/N 

T-walk measuring river health since 
1995 NPS Mancos River, Mud Creek, 

Weber Creek both 

 
There are three gaging stations on the Mancos River and one inside the park which measures flow and 
temperature.  Scott Grover with the USGS manages the site within the park.  The USGS gaging stations 
outside the park are on the Middle Mancos River (09369500) and on the East Mancos River (09369000). 
 
Data Sets and Files 
Much of the water resource data at the park are in field notebooks and on 5 x 8 inch index cards.  The 
observation period for some of the data is as long as 20 years (Marilyn Colyer, Botanist, MEVE and 
George San Miguel, Natural Resource Manager, MEVE, pers. comm, 6/23/03).  The park acknowledges 
the need to have this data in a digital form, yet does not have the staff to accomplish it.  
Other data include: 

• Fish Survey 2001 – Mancos River, 
• Water Quality Data, 1995-2000, various sites and parameters, 
• Mancos River data post-fire 2001, 
• Mesa Verde – list of springs, 
• MEVE-Spr: In Situ Uses for Springs at Mesa Verde National Park – Brad Gillies, Water Rights 

Branch, Nov. 23, 1999. 
 
GIS Information 
The water resources layer includes approximately 310 water sources –springs, seeps, waterpockets, 
wells, ponds, man-made features, rivers, ephemeral water bodies, etc.  Attributes include water source 
classification and geology if applicable.  Recently found springs have been mapped but not attributed.  
Allan Loy, Geographer, (970-529-5067) is the park contact. 
 
Literature Review 
The Resource Management Plan for the park (1998) recognizes the need to develop and support an in-
park staff of professional natural resource managers, specialists, and technicians to manage the park’s 
natural resources using the best available techniques and technologies.  The NPS (2000) water quality 
inventory and analysis recognizes that some water quality parameters exceeded EPA criteria.  
Interpretation of this information requires closer inspection, since some sampling sites were outside park 
boundaries. 
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Several file folders at the park house water quality and quantity data for springs.  Recent data is in 
hardcopy form and has not been entered into a digital database. 
 
In general, there is little literature relating to the water resources of the park. 
 
Literature Cited and Bibliography 
Author unknown.  1990.  File Folder: N36 pollution and environmental quality, N3615 air quality, N3617 

water, N3619 land [correspondence, memoranda, etc.]. 
Author unknown.  No date.  Key Water Sites, Mesa Verde National Park. Park files. 
Author unknown.  2000.  Colorado Water Rights Report, 2000. Park files. 
Author unknown.  Various Dates.  File Folder: Water quality data. Sent to Marilyn Colyer from CSU Soils 

Testing Lab.N3617 water; N3619 land . 
Author unknown.  1992.  Jackson Gulch pesticide and herbicide chemical water test.  
Author unknown.  1984.  Research - Water Analysis Form. 86 p. 
Colorado Department of Public Health and Environment.  2004.  Final 303(d) Monitoring and Evaluation 

Lists (Regs #93 & #94).  Water Quality Control Commission, March 17, 2004.  
http://www.cdphe.state.co.us/op/wqcc/OtherRegs/93-94/Final93.pdf. 

Dobrovolny, E., and R. M. Lindvall.  1953.  Geologic Report on the Knife Edge Highway Relocation 
Project with Emphasis on the Proposed Tunnel Location, Mesa Verde National Park, Colorado. Denver 
Federal Center. Denver, Colorado. 24 p. 

Martin, M.  1996.  Draft hydrologic assessment of the Cliff Palace Area, Mesa Verde National Park. 
Unpublished. File in Natural Resource Office, Mesa Verde National Park. 

Mesa Verde National Park.  1998.  Resource Management Plan. National Park Service. 
National Park Service.  2003.  Clean Water Act Water Quality Designated Uses and Impairments for 

Mesa Verde National Park. Technical Report NPS/NRWRD/NRTR-2003/210. national Park Service, 
Fort Collins, Colorado. 

National Park Service.  2000.  Baseline Water Quality Data Inventory and Analysis Mesa Verde National 
Park. NPS/NRWRD/NRTR-2000/256. National Park Service. Fort Collins, Colorado. 

National Park Service.  1991.  Statement for Management Yucca House National Monument. 20 p. 
Rose, R. H.  1952.  Water supply history of Mesa Verde. Unpublished. File in Natural Resource Office, 

Mesa Verde National Park. 
 
 
Navajo National Monument 
Hydrogeologic Setting and Significant Water Resources 
Navajo National Monument consists of 3 individual units.  The Inscription House unit, the most western 
unit, is in the Navajo Creek watershed, while the Betatakin and Keet Seel units are in the Keet Seel and 
Tsegi Canyon watershed.  Due to the small size of each of the units, only short lengths of drainages 
occur through any part of the Monument.   
 
The three units of the Monument incorporate six geologic layers: Navajo Sandstone, the Kayenta 
Formation, Wingate Sandstone, Churchrock Member, Owl Rock Member, and Petrified Forest Member.  
There are three layers of alluvial deposition in Tsegi Canyon: Jeddito, Tsegi, and Naha formations.   
 
Springs and seeps are found in and around all three of the units and water from these emanate from the 
N aquifer – Navajo Sandstone, Kayenta Formation and the Wingate Sandstone (B. Thomas, USGS, pers. 
comm., 8/6/03).  A small perennial reach of Keet Seel Canyon (0.5 km) drains the Keet Seel Unit.  Spring 
runoff and late summer thunderstorms provide recharge to aquifers that support the springs.  Flow in Keet 
Seel Canyon also arises from runoff and late summer rains. 
 
Keet Seel supports a functional spring.  The Betatakin unit supports two springs and a seep.  Betatakin 
has a perennial spring that formerly supported a relict Douglas fir (Pseudotsuga menziesii) forest.  In the 
past few years, its surface flow has been reduced (Roger Moder, NAVA Superintendent, personal 
communication 9/22/2004).  Perennial flows apparently occur in Keet Seel Canyon.  The Inscription 
House Ruin unit supports a stream reach and springs.  These water sources are important for wildlife, 
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monument visitors, and plant species.  One of the two known populations of Navajo sedge (Carex 
specuicola), a federally endangered species, occurs near the Inscription House unit and may occur in 
inaccessible cliff walls of the unit.  Hanging gardens are present near the park units. 
 
A single well located below the campground provides the monument with drinking water.  The well is 260 
meters deep.  The Monument would like a second source of water.  There are no stream flow gages in 
monument units. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Water source for wildlife  
• Wetland and riparian habitat 
• Association of prehistoric habitation with water sources 
• Relict Douglas fir (Pseudotsuga menziesii) stand 

 
 

Navajo National Monument Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
Length (km) 

Number 
perennial 
reaches 

Perennial 
length (km) 

Total 
Length 

(km) 
Streams      

Navajo Creek 1 <1   <1 
Keet Seel Canyon   1 <1 <1 
Inscription House Ruin stream 1 <1   <1 

Springs      
Inscription House Spring      
Betatakin Spring      
Betatakin Ruin Spring      
Keet Seel Ruin Spring      

 
Management and Scientific Issues 
There are no 303(d) or ONRW designated waters within the Monument. 
 
A major concern for NAVA is a declining water table.  The decline may result from regional climatic 
change.  Alternatively, the nearby Peabody Western Coal Company on Black Mesa used 3150 acre-feet 
in 2001 (USGS 2002).  Such water extraction may contribute to a declining water table.  All three units 
exhibit impacts from a declining water table. 
 
Livestock grazing within and adjacent to boundaries exacerbates erosion and contributes to instability of 
archeological sites.  Livestock grazing occurs within the watersheds of both Keet Seel and Inscription 
House.  Changes to water chemistry from excess accumulation of feces and urine could be contributing 
to the algae blooms observed at Keet Seel.  
 
Increasing visitor access could negatively impact natural and cultural resources. 
 
Threats/concerns related to water quality and aquatic ecosystems: 

• Declining water table 
• Proximity of Peabody Western Coal Company operation 
• Invasion of exotic plants 
• Livestock grazing on adjacent lands 
• Erosion 
• Climate trends and extreme events 
• Algal blooms at Keet Seel 
• Visitor impacts 

 
Past and Current Monitoring 
The NPS-WRD through a cooperative effort with the USGS completed a Level I Water Quality Inventory 
(USGS 2001).  Samples were collected from 6 sites during 2001 and 2002.  The sites are: 
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1) a stream near Inscription House Ruin 
2) a spring near Inscription House Ruin 
3) the well at Betatakin headquarters 
4),5) two springs near Betatakin Ruin 
6)  a spring near Keet Seel 
 

The I&M program has monitored for amphibians and reptiles.  No other monitoring efforts related to water 
resources is occurring presently. 
 
Data Sets and GIS Information 
The park currently has no data sets or GIS information.  The USGS houses the recent water quality data. 
 
Literature Review 
The Monument’s General Management Plan (2002) notes the following:  1) the springs and seeps are 
important resources at the park unit, 2) monitoring water quantity and quality is a management objective, 
and 3) the Monument is interested in continuing and expanding its cooperative relationships with the NPS 
Water Resources Division, Glen Canyon National Recreation Area resource management staff, and 
others in addressing water resource issues. 
 
Prior to the USGS level I water quality monitoring effort, the only other water related study in the park was 
the baseline water quality inventory and data analysis report (NPS 1999).  Only one station was found in 
the Monument.  The report indicated a lack of data for the Monument and did not reveal any exceedences 
of EPA criteria. 
 
Literature Cited and Bibliography 
Navajo National Monument.  2002.  General Management Plan. National Park Service. 
National Park Service.  1999.  Baseline water quality data inventory and analysis, Navajo National 

Monument. NPS/NRWRD/NRTR-98/196. Fort Collins, Colorado. 
USGS.  2001.  Navajo National Monument, Northeastern Arizona, Project Plan for Level 1 Water Quality 

Inventory. Arizona District, Flagstaff Field Office. 
USGS.  2002.  Ground-water, surface-water, and water-chemistry data, Black Mesa Area, Northeastern 

Arizona – 2001-02.  Open-File Report 02-485. Tucson, Arizona. 
 
 
Petrified Forest National Park 
Hydrogeologic Setting 
Petrified Forest National Park straddles the boundaries of three USGS hydrologic catalog units.  Most of 
the park is located within the Lower Puerco Watershed.  The Upper Little Colorado River Watershed is 
located in the southwest corner of the park.  Leroux Wash hydrological unit is located in the extreme 
northwest corner of the park.  All drainages within Petrified Forest National Park ultimately flow into the 
Little Colorado River, a tributary of the Colorado River (NPS in print).  
 
Likewise the park consists of three distinct geographic areas: Painted Desert, Puerco River Valley, and 
Rainbow Forest.  The Painted Desert in the northern third of the Park is characterized by southwest to 
northeast trending clay hills, mesas, and buttes that reflect the influences of the Little Colorado River as it 
erodes the Chinle Formation.  From the Painted Desert rim, the land slopes to the southeast through a 
series of wide erosional basins to the Puerco River.  The Puerco River is lined with dispersed stands of 
tamarisk.  In the southern third of the park, the land has eroded into small groups of buttes and mesas 
separated by the wide expanses of the drainage basins of Dry Wash and its tributaries. 
 
The badlands exposed in the park belong to the Upper Triassic Chinle Formation.  This formation and its 
important fossils and petrified wood are the most prominent geological features of the park.  The Chinle is 
overlain by ash deposited during the Triassic Period, and underlain by the Moenkopi Formation.  A few 
springs may emanate from the Chinle or Moenkopi formations, yet the areal extent of beds supplying 
water to seeps and springs are limited and are therefore unlikely to produce large volumes of water 
(Aughenbaugh 1970). 
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Two aquifers underlie the park; they are the Puerco River Alluvial Aquifer and the Coconino Aquifer.  Both 
can provide water sources for the park and the surrounding area. 
 
Significant Water Resources 
The Kokopelli, or Celebration Man Tinaja, is the only known perennial surface water, but there are 
numerous intermittent washes and drainages throughout the park.  One of the more reliable water 
sources is the Puerco River, which runs through the narrow mid-section of the park and is intermittent in 
nature.  Only about 2.7 kilometers of the stream’s length is within park boundaries, but this would 
increase with the proposed expansion of the park (Petrified Forest National Park 1991; Engineering-
Environmental Management, Inc. 2003).  Other ephemeral drainages include Cottonwood Wash, Dead 
Wash, Digger Wash, Dry Wash, Jim Camp Wash, and Ninemile Wash.  In addition, the park 
encompasses springs, seeps, tinajas, and water impoundments.  Not all springs, seeps, tinajas, or 
impoundments have been mapped.  The C.C.C. built the impoundments and maintenance has lagged.  
Given the opportunity to maintain the impoundments, the park may assure continued water sources for 
wildlife.  All these water resources provide drinking water and important habitat for wildlife, and they do 
support riparian vegetation particularly along the Puerco River.   
 
Other very important water resources are the two aquifers that have, in the past, provided a drinking 
water supply to the park.  These include the Puerco River Alluvial Aquifer and the Coconino Regional 
Aquifer (C Aquifer).  The Puerco River Alluvial Aquifer underlies the river and is recharged during periods 
of flow.  The aquifer is composed of interbedded gravel, sand, silt, and clay although the spatial variation 
in the composition and other hydrologic properties of the aquifer is not well understood (Webb et al. 
1987).  Puerco Well No. 2, which is within the park, is located within this aquifer. 
 
The Coconino Regional Aquifer is much deeper.  The Coconino Aquifer underlies much of northeastern 
Arizona and northwestern New Mexico including Hubbell Trading Post National Monument and the 
Flagstaff Parks (Hart et al. 2002).  The Coconino Aquifer is confined in the area of the park and the 
ground water gradient is to the northwest.  Water from the Agate Bridge and Rainbow Forest wells is not 
used in the park because of its high dissolved solids concentrations. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Water sources for wildlife 
• Riparian and wetland habitat 
 

 
Petrified Forest National Park Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
Length (km) 

Number 
perennial 
reaches 

Perennial 
length (km) 

Total 
Length 

(km) 
Streams      

Cottonwood Wash 1 8.6   8.6 
Dead Wash 2 1.4   1.4 
Digger Wash 5 11.4   11.4 
Dry Creek 8 6.7   6.7 
East Fork Dry Creek 3 3.8   3.8 
Jim Camp Wash 3 9.5   9.5 
Lithodendron Wash 24 23.8   23.8 
Ninemile Wash 3 0.6   0.6 
Puerco River 3 2.7   2.7 
Wildhorse Wash 5 6.9   6.9 
Unnamed streams 124 269.2   269.2 

Springs      
Spring on Blue Mesa      
Spring near Agate Bridge      
Spring near Zuni Well      
Unnamed springs and seeps      

Tinaja and potholes      
Kokopelli Tinaja      
Unnamed tinaja and potholes      
Unnamed impoundments      
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Management and Scientific Issues 
There are no 303(d) listed or ONRW waters within Petrified Forest National Park. 
 
Within the park, several issues related to water resources have been documented in the park’s Water 
Resources Scoping Report (NPS in print).  They include 1) invasive exotics, 2) former landfills, 3) 
trespass cattle, 4) lack of an alternative drinking water supply, 5) radionuclide contamination, 5) park 
infrastructure, and 6) inadequacy of a water quality database. 
 
The park has undertaken several efforts to remove tamarisk and has gone so far as to try re-
establishment of native Coyote willow.  These efforts have not prevailed and tamarisk remains an issue in 
this park.  The park is supporting research efforts which characterize the riparian community potential.  
Prior to initiating future restoration, the park will review the research which will evaluate areas where 
tamarisk control and riparian restoration efforts are likely to result in a return to natural biological 
communities, (NPS in print; PMIS 85644). 
 
Former landfills in the park may contribute to water quality degradation.  Household waste from park and 
concession housing and C.C.C. camps were dumped along cut-banks.  In addition to more benign 
materials, these sites contain hazardous materials such as batteries.  Some of this material has been 
collected and disposed of properly, and the landfill poses little problem along Jim Camp Wash. 
 
Trespass cattle threaten vegetative cover and can increase sedimentation and fecal contamination in 
drainages.  The park continues to be concerned with this problem, but fencing them out of the Puerco 
River is difficult. 
 
The park now obtains its drinking water from the Navajo Tribal Utility Authority.  At any time, the Authority 
may withdraw its service to the park to serve, instead, the potential Navajo Newlands development, truck 
stop, and casino.  As such, the park needs to continue assessment of Puerco Well No. 2 water quality 
since radionuclide and trace metal contamination are concerns (NPS in print). 
 
Concerns with park infrastructure relate to a pipe leading to the sewage lagoons in the southern part of 
the unit and a parking lot.  The pipe is very close to an eroding edge of Jim Camp Wash.  Also the park 
staff is concerned about the parking lot in the vicinity of Jim Camp Wash contributing to non-point 
pollution.  
 
In 1999, the National Park Service completed a Baseline Water Quality Data Inventory and Analysis for 
Petrified Forest National Park.  The Park Service determined that very limited data were available for the 
Puerco River (NPS 1999), and no water quality data were available for other washes within the park.  
However, it is likely that those washes cutting through radionuclide-bearing layers of the Chinle Formation 
may contain some background levels of radiation (NPS in print).   
 
Threats to water resources external to the park include: 1) erosion and its effects on cultural resources 
and water quality, 2) mineral development, and 3) park additions. 
 
The park is situated on a high desert plateau and hence experiences a high erosion rate due to both wind 
and precipitation.  Major archeological and fossil resources, and the knowledge they contain, are being 
lost to this erosion.  In the Puerco River watershed, erosion upstream of the park may contribute to 
increased trace metals and radionuclides in the water.  Natural eroding radionuclide-bearing rocks, past 
uranium mining dewatering effluent, and other treated uranium process waters may contribute to 
contamination of the Puerco River. 
 
The park is concerned that development of oil and gas may reduce the available water in either of the 
aquifers.  Also as with many of the SCPN parks, atmospheric deposition is a concern. 
 
Additions to the park as proposed in the park’s General Management Plan (Petrified Forest National Park 
1991) and General Management Plan Revision (Engineering-Environmental Management, Inc. 2003) 
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would increase the length of the Puerco River in the park and bring with it additional stands of tamarisks, 
abandoned wells, roads, and uranium claims.  Other proposed additions include numerous water 
impoundments which also support habitat for exotic species.  The impoundments, if maintained, can also 
serve as a source of water for wildlife. 
 
Overall, the park is interested in locating its water resources, inventorying and analyzing its water quality, 
establishing an alternative drinking water supply, and characterizing the riparian community along the 
Puerco River. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Invasion of exotic plant species 
• Impacts of resource extraction, processing and former mine dewatering upstream of Puerco River 

(uranium) 
• Upstream effluent discharges to Puerco River 
• Presence of naturally occurring contaminants in geologic materials 
• Climate trends and extreme events 
• Channel incision during flood events 
• Ferrellgas Petroleum Storage facility at Adamana 
• Former landfills along washes 

 
 
Past and Current Monitoring 
Tamarisk and Russian olive stands have been mapped (Bowman 1991).  Reptiles and amphibians have 
been inventoried.  Two gaging stations within the park (USGS 09396500, USGS09396400) monitored 
flow, but have since been discontinued.  Park staff monitors Puerco Well #2 and the Agate Bridge well 
biweekly for depth to water table, and quarterly for water quality.  The USGS monitors the Rainbow Forest 
well (see Water Resource Scoping Report for details on park wells - NPS in print). 
 
The park was awarded funding from the NPS-WRD for PMIS 85644 Stream and Riparian 
Characterization and Analysis for Management Planning.  Dr. David Cooper and students with Colorado 
State University will classify riparian areas, monitor the water table in these areas, and obtain water 
quality data, among other things, in order to determine riparian community potential.  The project is 
underway and will last for 3 years. 
 
Data Sets and GIS Information 
Data sets consist of water quality and depth to water table for the wells at the park.  These are in 
hardcopy form.  The park has a GIS and it contains layers of hydrography, geology, and park boundaries, 
and other layers not related to water resources.   
 
Literature Review 
The recent Water Resources Scoping Report (NPS in print) provides a review of the pertinent water 
resources issues at the park, and presents a selected references section that is provided here as part of 
the bibliography.   
 
The park’s Resource Management Plan (1994) does not specifically identify water resource issues, but 
clearly notes the need for maintenance of healthy systems and conducting baseline resource inventories.  
To that end, the park recently procured funding for a project to characterize the park’s riparian 
communities.  
 
The water quality baseline report (NPS 1999) reported that trace metal and radionuclide contamination 
may be an issue in the park, but more clearly related that lack of data for the park.  Few to no to other 
studies or reports related water quality monitoring were found at the park. 
 
Literature Cited and Bibliography 
Author unknown. Several years. Park files on Tamarisk Control. Petrified Forest National Park, Arizona. 
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Petroglyph National Monument 
Hydrogeologic Setting  
Petroglyph National Monument is located in central New Mexico about two miles west of the Rio Grande.  
The West Mesa, a 17-mile escarpment that formed when volcanoes erupted approximately 130,000 years 
ago, lies within the Albuquerque basin of the upper Rio Grande drainage.  The Monument extends for 
more than 8 miles from Piedras Marcadas Canyon at the north end to Mesa Prieta at the south end.  The 
Monument supports several geologic features, including five major volcanic cones, two geologic windows, 
(also known as kipukas), and several caves (lava tubes) that resulted from historic volcanic activity in the 
region. 
 
A basaltic cap atop the West Mesa, overlies the Santa Fe Formation, which is a sandstone, gravel rock.  
The basalt cap at the edge of the escarpment has eroded and broken into large boulders on which the 
petroglyphs were carved and chipped.  The cap serves an almost impervious layer and precipitation does 
not readily infiltrate, but instead moves as sheet flow over the cap and escarpment boulders during 
intense storms, and down along established paths, rills, gullies and arroyos.  Erosion is both a natural 
process here and an aggravated situation since development almost surrounds the park.  Gellis (1993, 
1996) was contracted to assess gully erosion in light of further development, drainage alterations, and its 
effects on the park petroglyphs. 
 
Significant Water Resources 
Surface water resources of the park include several ephemeral arroyos that drain the lava surfaces.  The 
Monument’s staff identified Piedras Marcadas Canyon, North and South Boca Negra Arroyo, North and 
South San Antonio Arroyo, North Rinconada Arroyo, Ladera Arroyo, and Mierhaven Arroyo as the most 
significant drainages in the park.  Piedras Marcadas Canyon, at the northern extension of the Monument, 
has served as a dumping ground for construction material.  North Boca Negra Arroyo passes through two 
of Petroglyph’s units.  This drainage is 16 km long in total, but only 2.8 km occur within the Monument 
boundaries.  The remaining arroyos plus Piedras Marcadas Canyon contribute 7.4 km of stream corridor 
within the park when stormwater runoff fills the drainages.  Although no permanent sources of water exist 
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at Petroglyph, there are several ephemeral pools in the basalt rock that are important to amphibian 
species and other wildlife species.   
 
The Monument lies within the city limits of Albuquerque, and is jointly owned and managed by the 
National Park Service, the State of New Mexico, and the City of Albuquerque. 
 
The park has an old well at the Visitor Center.  It is not monitored nor is the depth known.  Water and 
sewer are provided by the City of Albuquerque since the Monument is incorporated within city limits. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Ephemeral drainage ecosystems 
 
 

Petroglyph National Monument Natural Resource Waters1 

Streams (all ephemeral) 
Piedras Marcadas Canyon 
North Boca Negra Arroyo 
South Boca Negra Arroyo 
North San Antonio Arroyo 
South San Antonio Arroyo 
North Rinconada Arroyo 
Ladera Arroyo 
Mierhaven Arroyo 

Other 
Unnamed ephemeral pools 

1-reported by Petroglyph National Monument natural resource staff 
 
 
Management and Scientific Issues 
There are no 303(d) listed waters or ONWR waters within the park.  
 
Petroglyph National Monument was established in 1990, in part, as a result of increasing urban 
encroachment, and the desire to preserve the area’s petroglyphs.  Urban development surrounding the 
Monument has altered drainage patterns.  Existing roads and other surface alterations on the mesa 
surface have increased surface water runoff through the parks drainages.  The drainages within the 
Monument currently are at capacity and cannot handle higher flows (Gellis 1993, 1996).  Historic 
drainage paths may already have been disrupted by development, and these project proponents 
constantly request the Monument to run additional developed drainage through the arroyos in the park 
unit.   
 
Recently, a new development proposed moving its stormwater through Piedras Marcadas Canyon, but 
through cooperation with the Albuquerque Metropolitan Arroyo Flood Control Authority, the development 
instead moves water through a drainage to the north and outside of park boundaries (M. Medrano, 
Natural Resource Program Manager, PETR, 7/8/03).  The concern with drainage alterations are manifold; 
1) the altered flows can disturb the petroglyphs, 2) water quality of storm runoff is degraded, and 3) 
increased erosion moves large amounts of debris to adjacent private property east of the park2.  One rain 
event in 1991 produced 3 inches of rain in 45 minutes.  Estimated as a 50-year event, these amounts are 
the cause of massive erosion.  
 
Additional threats to the drainage system in the park occur at the southern end.  Alteration of flow via 
increased drainage resulting from development upstream may cause problems of erosion, siltation and 
general water quality degradation in Ladera and particularly Mierhaven arroyos.  There is a drainage 
easement in Mierhaven Arroyo in the park.  This opens the way for concrete channeling of the arroyo if all 
parties agree.  However, the Albuquerque Flood Authority works very closely with the park to ensure the 
best manner of moving flows through or around the park. 

                                                      
2 Approximately 10 cubic yards of material ended up in the backyard of house owner east of the park near Rinconada 
Canyon. 
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Within the Monument boundaries, threats to water resources include existence of old roads leading to 
increased erosion and runoff in drainages and old dump sites.  One dump site, located in Piedras 
Marcadas Canyon on private ground but recognized as within Monument boundaries, has construction 
debris that may contain lead and asbestos contaminants. 
 
Several easements for the power lines, both distribution and carrier, occur within the park.  The 
easements typically have roads associated with them, and these roads may pose additional threats of 
erosion.  However, the Monument works closely with the public utility commission of New Mexico (PNM) 
to reduce impacts associated with easements.  Other easements include those for a gas line. 
 
Several gaging stations are near the park, but none measure flow within the park (USGS 
351007106434201 on North Boca Negra Arroyo, USGS 08329935, USGS 350912106455630 on S., 
Boca Negra Arroyo, and USGS 08329938 on Laredo Arroyo).   
 
Review of water quality indicated that surface waters of the region contained contaminants that may have 
come from anthropogenic sources.  Two monitoring stations within the Monument on North Boca Negra 
Arroyo revealed fecal coliform counts higher than EPA bathing water criteria.  Metals and some organics 
including PCP exceeded standards in North Boca Negra Arroyo (National Park Service 1999).  Water 
quality and quantity are a concern in these ephemeral drainages in the Monument.  In order to capture 
these concerns, the Monument may have to install an automated sampling system. 
 
Scientific issues related to stormwater drainage include questions of runoff and its affect on ephemeral 
pools, and how changes in effective capacity (or flow) of the drainages may alter other natural and 
cultural resources in the Monument. 
 
Projects statements and or identified needs (Petroglyph National Monument 1999) relating to water 
resources include: 

• Establish a full weather monitoring station 
• Establish a full monitoring program for erosion 
• Assess storm drainage capacities as development continues to occur (revisit Gellis work) 

 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Extreme encroachment of urban and industrial development  
o Water quality effects including contaminants 
o Drainage pattern disruption, channelization, surface runoffs at maximum capacity for park 

drainages 
o Impacts to soils, erosion and siltation 
o Effect of degraded air quality on water quality 

• Construction debris in Piedras Marcadas Canyon 
• Unregulated visitor use  
• Climate trends and extreme events 

 
Data Sets and GIS Information 
The park has no water quality data sets, and any quality and quantity data obtained for the baseline water 
quality analysis (NPS 1999) were retrieved from STORET, NWIS or other databases. 
 
The park does have a GIS with a boundary map layer.  They need to develop a water feature layer, yet 
Bernalillo County has extensive drainage layers.  The City of Albuquerque has legal descriptions of the 
drainages and the Monument is using this to enter into their GIS. 
 
Past and Current Monitoring 
The park maintains no current water quality or quantity program.  However, the USGS monitors a station 
at Ladera Arroyo east of the park.  The Monument was funded in 1999 to establish a weather station 
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which monitors relative humidity, evapotranspiration, precipitation, air and soil temperature, soil moisture, 
and solar radiation. 
 
Literature Review 
The Monument’s Resource Management Plan (1999) reiterates the General Management Plan (1996) by 
stating one of its objectives is to establish a comprehensive resource information base to monitor 
changes and support scientific and educational objectives.  The Resource Management Plan specifically 
identifies that water quality has not been thoroughly evaluated at the Monument that it will be a major 
issue as surrounding land is developed.  The park has a project statement titled: Assess runoff and 
ephemeral pools.  Storm drainage was also identified as an issue in this document. 
 
NPS (1999) analyzed water quality data from a period of 1937 through 1996.  Various parameters 
including trace metals and chlorinated hydrocarbons exceeded EPA criteria.  Many sampling sites were 
outside park boundaries.  Gellis (1993, 1996) studied the carrying capacity of drainages with the 
Monument.  Gellis concluded that in 3 gully networks, the channel is actively deepening and widening. 
 
Literature Cited and Bibliography 
Gellis, A. C.  1993.  Results of investigation of erosion at the Petroglyph National Monument, New 
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Gellis, A. C.  1996.  Gullying at Petroglyph National Monument, New Mexico. Journal of Soil and Water 

Conservation 51:155-159. 
National Park Service.  1999.  Baseline water quality data inventory and analysis Petroglyph National 

Monument. Technical Report NPS/NRWRD/NRTR-99/219. Water Resources Division, Fort Collins, 
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Petroglyph National Monument.  1996.  General Management Plan. National Park Service. Albuquerque, 
NM. 

Petroglyph National Monument.  1999.  Resource Management Plan. National Park Service, 
Albuquerque, New Mexico. 

 
 
Rainbow Bridge National Monument 
Due to lack of perennial water, no water chemistry or aquatic macroinvertebrate monitoring is proposed 
for RABR at this time. 
 
Hydrologic Setting and Significant Water Resources 
Rainbow Bridge is the world's largest natural bridge and is of great scientific interest as an example of 
eccentric stream erosion.  It sits within Bridge Canyon and is contiguous with Glen Canyon National 
Recreation Area, which is responsible for its management.  Rainbow Bridge was formed by the erosive 
action of Bridge Creek as it carved through the relatively soft Navajo Sandstone to the harder Kayenta 
Sandstone.  When the Colorado Plateau uplifted a few million years ago, river gradients steepened and 
cut many deep canyons into the plateau.  Initially, water flowing off nearby Navajo Mountain followed a 
path of least resistance across the sandstone and a drainage, known today as Bridge Canyon, was 
carved deep into the rock.  At the site of Rainbow Bridge, the Bridge Canyon stream flowed in a tight 
curve around a thin vertical fin of soft sandstone that jutted into the canyon and eventually created the 
arch seen today.  
 
The only source of water in the Monument is Bridge Creek, which flows intermittently under Rainbow 
Bridge and into the waters of Lake Powell.  Back waters from Lake Powell typically inundate the original 
drainage.  
 
To Native American Tribes, Rainbow Bridge is a sacred place that provides a link to traditional religious 
beliefs and their cultural identity.  Bridge Creek also serves as a water source for wildlife including 
amphibians, birds, and fish. 
 
No public water supply is provided at the Monument. 
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Summary of key resources and values associated with water quality and aquatic ecosystems: 
• Rainbow Bridge and its environs are sacred to Native American tribes 
• Water source for wildlife 
• Riparian habitat 

 
Rainbow Bridge National Monument Natural 

Resource Waters 

Streams 
Bridge Creek (intermittent) 

 
 
Management and Scientific Issues 
Many of the issues relating to Glen Canyon National Recreation Area could apply to this Monument.  
More specifically visitor use of backcountry areas in the Monument may adversely impact Bridge Creek, 
but these are likely to be minimal.  Most visitors to the bridge reach the Monument by boat.  An additional 
concern to natural resources is the invasion of exotic plant species such as saltcedar (Tamarix spp.). 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Invasion of exotic plant species 
• Visitor impacts  
• Climate trends and extreme events 
 

Past and Current Monitoring 
There appears to be no past monitoring of water quality at this site (NPS 1994), and the staff at Glen 
Canyon did not mention current monitoring efforts or the need thereof. 
 
Data Sets and GIS Information 
None provided. 
 
Literature Review 
The baseline water quality data inventory and analysis report for Glen Canyon applies to this Monument 
(NPS 1994).  However, no monitoring stations are documented at the Monument.  It does not appear as 
this is a regular sampling location for the bacteriological studies conducted by Glen Canyon (Anderson 
2002). 
 
Literature Cited and Bibliography 
Anderson, M.  2002.  2001.  Lake Powell beach monitoring report. Glen Canyon National Recreation 

Area. Page, Arizona. 
National Park Service.  1994.  Baseline water quality data, inventory and analysis, Glen Canyon National 

Recreation Area, Vol. I and II. Technical Report NPS/NRWRD/NRTR-94/33. National Park Service, 
Water Resources Division and Servicewide Inventory and Monitoring Program. Washington, D.C. 

 
 
Salinas Pueblo Missions National Monument 
Hydrogeologic Setting  
The three units of the Salinas Pueblo Missions National Monument, Abó, Gran Quivira, and Quarai are 
located in the Estancia Basin southeast of Albuquerque, New Mexico.  Sedimentary rock from the 
Permian Age comprises most of the surface rock observed around Salinas Pueblo.  At the Gran Quivira 
unit, outcrops of San Andres Limestone provided the building material for pueblo and mission structures.  
Red sandstone of the Abó Formation served a similar function at the Abó and Quarai sites.  The principle 
water-bearing formations are the Abó, a dark red sandstone, siltstone, and shale formation, and the Yeso 
Formation of siltstone, fine-grained sandstone, gypsum, and limestone. 
 
Each of the park units lies within different watersheds.  The Abó Unit lies within the Canon Espinoso 
watershed, whose waters arise from the Manzano Mountains.  The Quarai unit lies within the upper 
watershed of the Canon Sapato.  Gran Quivira is located on a wind-blown mesa on the escarpment of the 
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Chupadera Mesa.  Water infiltrates and disappears into the closed Tularosa Basin (National Park Service 
1997).  At the Gran Quivira unit, the Yeso Formation lies more than 122 meters below the San Andreas 
limestone and is about 308 meters thick; this and a lack of surface drainages contribute to a lack of water 
resources within the Gran Quivira unit.  
 
Significant Water Resources 
The Abó unit is crossed by two drainages with at least two perennial pools.  These waters drain south to 
Abó Arroyo which eventually flows to the Rio Grande.  The most western drainage at Abó is more prone 
to flash floods as a result of a bedrock streambed and less vegetation.  The eastern drainage is vegetated 
and supports 2 pools typically present year round.  The Abó unit also has a private inholding owned by 
the Sisneros.  A perennial spring with good water quality occurs on this property. 
 
The Quarai unit has one main drainage flowing on the south side of the mission.  This drainage flows east 
to Arroyo de Manzano and into the Estancia Basin and generally supports 5 pools.  Also the unit has two 
drainages which flow from the northwest towards the mission.  Two mapped springs also exist in this unit. 
 
All of these drainages receive their water from snowmelt and stormwater runoff, and springs typically 
emanate from either the Abó or Yeso formations.  Perhaps a lens within the Abó Formation captures 
percolated water in a shallow aquifer and guides it out to springs.  In summary, approximately 3.03 km of 
intermittent streams flow through the Abó and Quarai units.  There are no significant water resources at 
Gran Quivira.  
 
Water sources at the parks are both a benefit and a detriment.  Riparian and wetland areas associated 
with water at Abó and Quarai are special features which attract migratory birds.  These waters, having 
supported the archeological sites, also provide a cultural continuum from prehistoric Native American to 
historic Native American, to Hispanic peoples, to the present day visitors.  Conversely too much 
vegetative growth associated with water features impacts the preservation of archeological sites, and can 
increase flooding of the area. 
 
Two wells exit at Abó.  The unit well for visitors has a depth of 9 meters to the water table, and the other 
well is located northwest of the visitor center.  The Quarai well is 28 meters deep and for years the depth 
to water table has typically been about 6 meters.  The Gran Quivira’s well is 197 meters deep where the 
water table is typically 188 meters. 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Water sources for wildlife  
• Riparian and wetland habitat 
• Association of water presence with continuous occupation of the site from prehistoric and historic 

Native American peoples through the present day 
 

Salinas Pueblo National Monument Natural Resource Waters 
Abó unit Western drainage (intermittent) 
Abó unit Eastern drainage (intermittent) 
Abó unit 2 Perennial pools in eastern drainage 

Abó inholding Perennial spring  
(not included in park lands) 

Quarai unit South side main drainage (intermittent) 
Quarai unit 5 Perennial (?) pools in south side drainage 
Quarai unit 2 Northwest drainages (intermittent) 
Quarai unit 2 Unnamed springs 

 
 
Management and Scientific Issues 
There are no 303(d) listed waters or ONWR waters in the Monument. 
 
Commercial and urban development on adjacent lands is impacting the natural resources of the 
Monument.  Subdivisions and associated developments such as roads are altering water quantity by 
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depleting the ground water source.  Uncertain water rights and anthropogenic alterations to groundwater 
sources are threatening flow rates of springs in the Quarai unit.  Drawdown of the water table is critical, 
since the park relies on the wells in the Abó and Yeso Formation for its drinking water.   
 
Subdivisions and associated development can contribute to non-point source pollution in drainages.  
Sediment, hydrocarbons, nutrients, metals, sewage effluent and other organics may be released to 
surface water causing contamination.  Mining and logging activities occurring outside the park also 
contribute to water quality degradation.  Grazing outside the park has contributed to increased erosion 
and the development of thick pinyon and juniper woodlands.   
 
Landscape gravels are mined in areas surrounding the Abó unit (mostly to the east); extraction of this 
material leads to downcutting, flooding, and general channel alterations.  Increases in siltation in the 
drainages may result.  This same area has been grazed heavily. 
 
Within the Monument, flow of water through arroyos at the Abó unit is washing prehistoric and historic 
material out of the soil.  Vegetation overgrowth at Quarai is clogging the waterway forcing water into new 
drainage patterns that has resulted in severe damage to the trail system and foot bridge, and threatened 
the Mission/Convento complex. 
 
Invasion of exotic vegetation, specifically tamarisk and Russian olive at Abó is a particular problem 
associated with water resources there. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Commercial and urban development 
• Groundwater extraction threatens surface flows 
• Resource extraction (gravel pits, timber harvest) 
• Erosion from activities outside the park units 
• Erosion from flow in drainages is impacting cultural resources in the Abó unit 
• Invasion by exotic plant species 
• Climate trends and extreme events 

 
Literature Review and Past and Current Monitoring 
The Monument’s Resource Management Plan (1997) recognizes that baseline monitoring is essential to 
understanding natural resources particularly water.  Without the baseline data, it difficult to properly 
assess the condition of resources or even identify threats; this lack of data renders it difficult for park 
management to make well-reasoned decisions on how to properly manage the water resources. 
 
The water quality inventory and analysis report (NPS 1997) for Salinas Pueblo Missions identified six 
stations within the Monument that have been monitored.  A one-day synoptic survey occurred in 1994, 
and the Monument collected water quality samples from 23 sites within and outside the park.  Only pH 
during the late 1970s exceeded EPA criteria for freshwater aquatic life at two springs in the Abó Unit.  
More recent water quality data are lacking and the Monument lacks any long-term water quality data. 
 
A water resource management study (NPS 1982) for the SAPU includes a physical description of water 
resources at each of the three units of Salinas Pueblo Missions National Monument with maps and 
drawings.  Earlier Borton (1969) described the water supply for Quarai State Monument.  The report also 
mentions water rights, water quality, and water resource issues.  The Army Corps of Engineers completed 
a floodplain study for the Monument (1985).  More recently Shomaker & Associates (1996) prepared a 
regional water plan for the Estancia Basin and its ground water.  Included are hydrogeological studies, 
water quality information, land use and potential well locations. 
 
More importantly a Water Resources Management Plan was completed by the National Park Service 
(1997).  This document briefly describes water features at the three units and relays that the Monument 
lacks information on flows of the Quarai springs, on flood peak flows and sedimentation at Abó, or on 
erosion in any unit.  Little is known about water quality, aquatic life, or the wetland and riparian areas at 
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Quarai and Abó, and no meteorological stations exist at Quarai or Abó.   
 
Several studies describe the hydrology of the closed basin referred to as Estancia Basin (Meinzer 1911; 
DeBrine 1971; White 1994). 
 
Data Sets and GIS Information 
The Monument has some water quality analyses of water sampled at 1 well and 2 surface sites at Quarai, 
and 1 well and 2 surface sites at Abó.  The results are in the Water Resources Management Plan (NPS 
1997). 
 
The Monument has a rectified aerial photo mosaic for Abó (either 1:3000 or 1:6000).  Mosaics for Quarai 
and Gran Quivira are being prepared.  They also have a hydrology layer. 
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Sunset Crater Volcano National Monument 
Due to lack of perennial water, no water chemistry or aquatic macroinvertebrate monitoring is proposed 
for SUCR at this time. 
 
Hydrologic Setting and Significant Water Resources 
Sunset Crater Volcano, a very recent geological feature, is dominated by a volcanic landscape.  The 
Sunset Crater cinder cone and the northern half of Lenox Crater cinder cone lie at the southeastern and 
southwestern corners of the Monument, respectively.  Most of the surface area north of the two cones is 
covered by either the Bonito Lava flow or deep volcanic cinder deposits, including an area of tall cinder 
hills within the northeastern quarter of the Monument.  The process that created the volcano left many 
other volcanic features including spatter cones around now dormant gas vents, wedge-shaped squeeze-
ups, lava tubes, and ice caves.   
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Surface water resources are almost non-existent within the Monument, except for local catchments upon 
lava flows and seepage areas around the perimeter of lava flows.  There are relatively deep aquifers 
beneath the Monument.  For example, the C aquifer has been the subject of recent and continuing study 
regarding regional water tables (USGS 2002), and is the source of the park’s drinking water supply.  
Water may collect briefly in hollows on the lava flows, but is soon channeled away through cracks, and 
infiltrates into the aquifer below.  Ephemeral waters that do exist in the park are important for wildlife such 
as pronghorn and for small groves of plants at the toes of lava flows.  There are no known springs or 
intermittently flowing washes or drainages. 
 
The park obtains its drinking water from Doney Park Water, a private water supplier.  These wells are in 
the C aquifer. 
 
Key values associated with water quality and aquatic ecosystems: 

• Ice cave physical and ecological systems 
 

Sunset Crater National Monument Natural 
Resource Waters 

Water in ice caves 
 
Management and Scientific Issues 
Since water resources are limited at the Monument, threats are limited as well.  Development for visitor 
access, visitor use, and administrative activities within the Monument may threaten seeps and the fauna 
and flora they support at the base of lava flows. 
 
Cinder Lake landfill is 3.2 km south of the Monument.  The Monument is concerned that the landfill may 
contaminate the regional aquifer and the Bonito Well #2 which used to supply the park unit with drinking 
water. 
 
Severe drought and climate change are of importance to this park unit and others in the SCPN. 
 
Threats/concerns related to water quality and aquatic ecosystems: 

• Visitor use, especially off-highway vehicle impacts 
• Air quality impacts, dust and particulates 
• Climate trends and extreme events 

 
Past and Current Monitoring 
The only monitoring pertinent to Sunset Crater is the regional aquifer monitoring conducted by the USGS 
at the Flagstaff Office (USGS 2002).  Don Bills with the USGS has monitored depth to water table in wells 
including the Bonito Well #2 near the Monument. 
 
Data Sets and GIS Information 
The Monument has no data sets on water quality.  The USGS has regional well data including information 
at Bonito Well #2 (Sunset Crater Well (A-23-08)21AAD). 
 
The Monument has no GIS staff, but has the digital elevation models (DEM) for the local watershed.  It 
has no water resource GIS information. 
 
Literature Review 
Since few water resources exit at the park, little has been documented except for the regional aquifer 
monitoring (USGS 2002).  The Resource Management Plan and the General Management Plan (Sunset 
Crater Volcano National Monument 1996; 2001) have brief section on water resources.  The water quality 
data inventory and analysis (NPS 1996) revealed no water quality data. 
 
Literature Cited and Bibliography 
National Park Service.  1996. Water quality data inventory and analysis Sunset Crater National 

Monument. NPS/NRWRD/NRTR-96/90. Fort Collins, CO. 



Southern Colorado Plateau Network Phase Two – Appendix B – SCPN Water Resources 

 - B76 - 

Sunset Crater Volcano National Monument.  1996.  Resource Management Plan. National Park Service. 
Sunset Crater Volcano National Monument.  2001.  General Management Plan. National Park Service. 
USGS. 2002. Investigation of the geology and hydrology of the Coconino Plateau of Northern Arizona: A 

project of the Arizona Rural Watershed Initiative. USGS Fact Sheet 113-02. Flagstaff, AZ. 
 
 
Walnut Canyon National Monument 
Hydrologic Setting 
Walnut Canyon is located in the Mogollon highlands-Coconino Plateau region of northern Arizona.  The 
canyon is eroded into sedimentary rock layers of the Kaibab Limestone and Coconino Sandstone 
formations.  The drainage of Walnut Creek became entrenched in the canyon as the formations were 
locally uplifted.  The surface-water flow through the canyon has been severely altered by two dams 
constructed in 1897 and in 1941 (USGS 2001; Brian 1992).  Prior to 1900, the creek is believed to have 
intermittently flowed through the bottom of Walnut Canyon on a biannual cycle.  Reliable flows typically 
occurred early each year during the period of spring snowmelt, and less predictable flows likely occurred 
later each year during in the summer and fall thunderstorm season.  Presently, snowmelt and rainfall 
support the very limited flow that occurs in the canyon (Brian 1992). 
 
Significant Water Resources 
At least two springs in Walnut Canyon are supported by a shallow ground-water system (USGS 2002).  In 
addition, numerous localized seeps have been recorded in the fractures and bedding planes of the steep 
canyon walls.  Prominent seeps are also found in the tributary canyons on the south side of the 
Monument.  The only deep ground water beneath the Monument is found at a depth greater than 1,000 
feet within the regional Coconino Aquifer. 
 
Pools associated with ephemeral flows in Walnut Canyon, springs, and seeps provide important water 
sources for wildlife.  The sub-surface waters and previous intermittent flows in the canyon provided water 
for a diversity of plant species including Arizona walnut.  A lack of a current flow regime may impede 
regeneration of this species (Brian 1992).  
 
The Monument’s water supply comes from a well at the Visitor’s Center.  This well serves as one of the 
stations in the USGS regional aquifer study (USGS 2002).  The well is deeper than 300 meters. 
 
Summary of key values and resources associated with water quality and aquatic ecosystems: 

• Water source for wildlife  
• Localized wetland habitat at seeps 
• Riparian habitat in canyon bottom 

 
Walnut Canyon National Monument Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
Length (km) 

Number 
perennial 
reaches 

Perennial 
length (km) 

Total Length 
(km) 

Streams      
Walnut Creek 5 16.5   16.5 
Unnamed 6 3.7   3.7 

Pools and Seeps      
Lower Walnut Canyon seep      
Middle Walnut Canyon seep      
Cherry Canyon pools and seeps      
Localized ephemeral seeps      
Unnamed pools persisting in canyon 
following streamflow      

 
 
Management and Scientific Issues 
The Monument sustains impacts to its water resources from both inside the Monument and externally.  
The external threats include 1) upstream diversions that occurred in the late 1890s and 1940s, 2) 
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adjacent land uses, 3) livestock grazing, and timber harvesting.  Internally, the Monument has concerns 
with visitor use and trespass, non-point source pollution, and fire. 
 
The natural hydrology within the Walnut Canyon drainage was severely altered when the city of Flagstaff 
impounded Walnut Creek for use as a public water supply.  The water is impounded in Upper and Lower 
Lake Mary.  Collectively, these reservoirs have greatly decreased seasonal water flows within the canyon, 
modified sediment transport, and decreased available moisture.  In the last 70 years, the dewatering of 
the drainage has changed the composition of riparian plants and has likely impacted the diversity of 
aquatic invertebrates and amphibians.  Tree species such as Arizona walnut (Juglans major) are not 
regenerating under the current flow regime (Brian 1992).  
 
Development of annexed lands to the north and west of the Monument could significantly increase non-
point source pollution, such as motor and exhaust residue from streets, fertilizers and herbicides from 
lawns, septage, pet wastes, and sediment.  Also, adjacent land uses are impacting local recharge of 
seeps and springs (Brian 1992). 
 
Other external threats include grazing impacts on the watershed, proliferation of roads, and catastrophic 
fires coming from adjacent lands.  These impacts may increase erosion and sedimentation within the 
canyon.  Grazing impacts on Anderson Mesa present a limited threat, however, fire either within or 
external to the park presents a threat of flooding and erosion. 
 
Within the park non-point pollution from the visitor center parking lot, maintenance area, and sewage 
lagoons poses a threat.   
 
Visitation has increased demands on park resources, resulting in documented loss of some resources 
through erosion.  Some areas near Walnut Canyon incur ATV use and rock climbing, which is causing 
local soil compaction, loss of vegetative cover, and erosion.  With regards to water resources, these 
impacts may be minor. 
 
Lastly, the Monument has a concern regarding global climate change. 
 
From a scientific aspect, the Monument is interested in 1) the quality and quantity of the Cherry Canyon 
pools and seeps, 2) the long-term surface hydrology including pre-dam flows in Walnut Canyon, 3) a 
continuance of studies related surface flow, channel cross-sections, and sedimentation in Cherry and 
Walnut canyons (these studies were conducted originally by Barbara Phillips), and 4) a complete geologic 
inventory including a mapping of joint and fracture systems. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Non-point source pollution if the City of Flagstaff develops lands within Walnut Canyon watershed 
• Increased sediment yields from timber sales 
• Livestock grazing on south side of canyon 
• Non-point source pollution from NPS operations at visitor center/parking lot/maintenance 

shops/sewage lagoons 
• Off-highway vehicle use in Walnut Canyon 
• Potential for wildfire in park and on adjacent lands 
• Climate trends and extreme events 
• Historical alteration of hydrologic function by damming of flows in Walnut Canyon 

 
 
Past and Current Monitoring 
Water quality monitoring, conducted by the state of Arizona, the Monument, and the USGS, and 
documented in NPS (1999) occurred in the vicinity of the Monument in the 1970s and 1980s.  No 
monitoring stations were located in the Monument during these periods.  More recently, the USGS in 
Flagstaff conducted a Level 1 Survey of 2 springs and a water well at the Monument (USGS, 2001).  The 
report will be available in 2004.  Additionally, the USGS (2000) studied the hydrogeology of the regional 
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aquifer near Flagstaff, AZ.  They are also conducting a regional aquifer study which encompasses other 
parks such as Grand Canyon, Wupatki, and Sunset Crater (USGS 2002).  
 
There are crest gages in Walnut Canyon and the Cherry Canyon.  The closest gaging station is on 
Harenberg Wash (USGS 09400740) in Flagstaff. 
 
Data Sets and GIS Information 
The park will have a USGS Level 1 Survey data set once the report is completed.  The information relates 
to 2 springs and the Monument’s well.  The Monument has the DEM of the local watershed below Upper 
and Lower Lake Mary. 
 
Literature Review 
The General Management Plan (2001) recognizes the value of the Monument’s intermittent streams and 
seeps and the extent to which they support riparian and wetland plant communities.  The plan also 
recognizes potential impacts to these resources from adjacent development and land use, and visitation. 
 
The water quality data inventory and analysis revealed no monitoring stations in the park and found that 
only pH exceeded EPA criteria at Upper Mary Lake (NPS 1999). 
 
Several studies pertain to Walnut Canyon’s water resources and they include information relating the 
present of pools in 1884 (San Francisco Call 1884 in Plateau, no date) the construction of dams above 
the present-day Monument (Myrick 1998), and the capture and storage of water during the canyon’s early 
occupation (Downum et al. 1995).   
 
A pool survey of Walnut Canyon (Ellis 1973) documented the occurrence of sustained flows in the canyon 
in 1949 and 1973.  The study provided a physical and biological inventory, including an aquatic 
invertebrate survey, of the canyon.  Brian (1992) provided an historical review of water flow at the 
Monument.  She noted that stream flow may have been perennial in the distant past, but in the last 100 
years, water flowed only during rain and snowmelt events.  A memo from NPS (1996, water file folder) 
again begs the question to what extent did water flow in the canyon in the distant past.  He concluded that 
enough evidence of slack-water deposits existed to perform a paleo-flood reconstruction.  Pollen results 
from alluvial terraces revealed that the eastern canyon did not contain a perennial stream over the time of 
the soil samples (Smith 1999). Phillips (1990) conducted a riparian inventory and established vegetation 
transects and permanent vegetation plots transects across canyon bottom.  The study resulted in a map 
of plant associations along the canyon. 
 
Recently, the USGS conducted a Level 1 Survey of 2 springs and the well at the Monument.  This report 
will be available soon. From a regional perspective, the USGS (2000) studied the hydrogeology of the 
regional aquifer near Flagstaff, AZ, the C aquifer of the Little Colorado River (Hart et al. 2002), and is 
currently studying the geology and hydrology of the Coconino Plateau (USGS 2002). 
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Wupatki National Monument 
Hydrologic Setting 
Wupatki is largely included within the upland watershed that drains the east and northeast San Francisco 
Mountain slopes.  The Monument overlays the Doney Fault and Black Point Monocline that were formed 
by the same geologic processes that created the Colorado Plateau. The Monument is roughly divided in 
half by the Doney Fault, with each half having distinct geology, elevation, and dominant vegetation.  At 
lower elevations to the east of the fault, the Monument is dominated by sandstone and shale geologic 
formations, saline soils, and open desert scrub vegetation.  At higher elevations to the west of the fault, 
the Monument is dominated by limestone and volcanic formations, fertile soils, and juniper savanna and 
grassland vegetation.   
 
The primary bedrock layers exposed at Wupatki are the Kaibab Limestone and Moenkopi Formation 
(Blyth 1995; McCormack 1989). Springs found at Wupatki would emanate most likely from the Kaibab 
since it is typically a water-bearing formation (Hart et al. 2002). Unique local subterranean features, 
described as "karst" or "earthcracks", are found within the western half of the Monument. These sinkholes 
and earthen crack features provide local conduits for groundwater recharge. 
 
The Little Colorado River flows intermittently along the northeast corner of the Monument.  This river 
drains a large area in northeastern Arizona and carries a large and saline sediment load. 
 
Significant Water Resources 
Surface water resources in Wupatki include the Little Colorado River, several springs, seeps, washes, 
and tinajas or rock pools.  The only perennial water sources within Wupatki NM are Peshlaki and Heiser 
Springs, located in the southeastern portion of the Monument.  Peshlaki Spring provides the only 
perennial source of water for wildlife since Heiser Spring has been developed as 3 cased wells.  This 
spring has good water quality and flow, but is currently unavailable to wildlife.  The Monument has 
proposed to restore the historic state of the 3 spring boxes and remove the wells. Six thousand years of 
recorded use has occurred at this spring.  A third spring, Wupatki Spring, was active and flowing until the 
mid-1950s when the water flow began to diminish for unknown reasons, eventually drying up completely.   
 
The intermittent Little Colorado River flows for approximately 2.0 kilometers along the northeast boundary 
of the Monument.  The Little Colorado River supports a degraded riparian area. The Antelope, Citadel, 
Dead Man and Kanaa Washes are the largest drainage corridors that run through the Monument, which 
may have water running in them during and after large rain events.  Dead Man Wash has a very high 
potential for riparian restoration; currently it supports tamarisk. There are also about 20 smaller washes 
and arroyos throughout the Monument that have similar drainage patterns.  Also the Monument supports 
tinajas and rock pools which serve as ephemeral sources of water. 
 
Wetland, floodplain, and riparian resources at Wupatki are mostly restricted to the Little Colorado River 
banks and Peshlaki Spring and Heiser Spring.  Springs were important to the pre-historic and historic 
peoples of the area. 
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The park has two wells within the park; the Visitor Center’s well which serves as a water supply, but is 
brackish, and the Citadel well which is used as a part of the USGS Coconino Plateau study (USGS 2002).  
This well does not serve as a supply. 
 
Summary of key values and resources associated with water quality and aquatic ecosystems: 

• Water sources for wildlife 
• Riparian and wetland habitat 
• Historical association of springs with human occupation 

 
Wupatki National Monument Natural Resource Waters 

Name 
Number 

intermittent 
reaches 

Intermittent 
Length 

(km) 

Number 
perennial 
reaches 

Perennial 
length 
(km) 

Total 
Length 

(km) 
Streams      

Antelope Wash 1 11.3   11.3 
Ball Court Wash 1 0.8   0.8 
Citadel Wash 3 6.7   6.7 
Deadman Wash 4 12.8   12.8 
Doney Mountain Wash 2 8.2   8.2 
Heiser Wash 2 4.6   4.6 
Hulls Wash 2 2.7   2.7 
Kanaa Wash 7 9.6   9.6 
Little Colorado River 2 2.7   2.7 
Unnamed washes 33 70.9   70.9 

Springs      
Peshlaki Spring      
Heiser Spring      
Unnamed seeps      

Other      
Coyote Water ephemeral pool      
3 unnamed ephemeral pools in Deadman 
Wash      

Several persistent pools in Little Colorado 
River bed      

4 unnamed prehistoric ephemeral 
impoundments      

 
 
Management and Scientific Issues 
Of great concern to Wupatki is the degradation of riparian habitat along the Little Colorado River.  
Upstream impoundments, irrigation diversions, ground-water withdrawals, livestock grazing, uranium 
mining, and invasion by non-native tamarisk (Tamarix spp.) and camelthorn (Alhagi maurorum) have 
altered the riparian corridor along the Little Colorado River.  External to the park, general trampling and 
lack of care for the riparian area of the Little Colorado contributes to vegetation loss, further erosion, and 
sedimentation.  Livestock trespass and sheep grazing within the park affect the Monument’s section of 
the Little Colorado River by removing vegetation thereby increasing erosion and sedimentation. 
 
Depletion of water resources by water impoundment, diversion, and pumping concerns Monument staff.  
The springs within Wupatki are degraded resources, as they were developed to provide drinking water for 
historic ranching and NPS operations.  Available water in the Monument may be decreased, since most 
water within the Inner Basin of the San Francisco Mountains is completely utilized as part of the public 
water supply for Flagstaff.  Potential development along Hwy 89 may contribute to further depletion. The 
USGS (2000) and Hart et al. (2002) focused on the hydrogeology of the Flagstaff area and the Little 
Colorado River, and now the USGS (2002) is studying the C aquifer as it relates to ground water 
depletion. 
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Potential mineral (oil, natural gas, uranium) and geothermal development on State Trust lands within 
Wupatki and on surrounding Trust, Federal, tribal, and private lands is a concern to the Monument.  
Mineral extraction can deplete water resources and release saline soils to the ground surface.  Uranium 
test pits on adjacent Navajo lands east of the Little Colorado may impact river water quality.   
 
The discharge path of the Luepp or Winslow sewage treatment plant is unknown and the Monument is 
interested in investigating this concern.  Additionally, any future discharge of the coal-fired power plant at 
Winslow or Luepp may increase atmospheric deposition of mercury.  As with other network parks, 
Wupatki has concerns regarding drought and global climate change. 
 
From a scientific point of view, the Monument would like to understand the hydrology of the springs, the 
Little Colorado River and some of the other drainages.  The Monument would like to continue 1) 
monitoring of the Citadel well with or without USGS involvement, 2) long-term monitoring of water quality 
and quantity at Peshlaki and Heiser springs, 3) water quality testing at Black Falls Crossing on the Little 
Colorado River, and would like to 4) conduct geomorphological studies of Dead Mans Wash, remove 
exotics and restore the cienaga or the riparian corridor. 
 
Summary of threats/concerns related to water quality and aquatic ecosystems: 

• Livestock grazing impacts 
• Resource extraction - uranium &/or coal 
• Municipal effluent - Luepp or Winslow 
• Road widening 
• Encroachment of development on west side of U.S. Highway 89 
• Future industrial discharges at Luepp or Winslow 
• Increased sediment from continued loss of vegetation in watershed 
• Exotic plant and animal invasion 
• Climate trends and extreme events 
• Reduced flows in all springs, complete loss of flow at Wupatki Spring ~50 years ago 
• Modified channel of Little Colorado River 

 
 
Past and Current Monitoring 
The USGS is currently monitoring the regional and perched aquifers (USGS 2002).  Flow and water 
quality at Heiser Spring and water quality at Peshlaki Spring were monitored by the USGS (2001) as part 
a Level 1 Survey.  Water quality monitoring (Level 1 grab samples) occurred at Black Falls Crossing on 
Little Colorado River. The USGS monitored this site to assess vehicle traffic impacts.  The USGS 
maintained a stream gage on Little Colorado River near the Monument (USGS 09401000).  Historical 
spring flow observations back to 1930s are in the form of superintendent reports.  In addition Alexa 
Robert’s dissertation and Steve Cinnamon’s archived water quality and quantity data are available at the 
park.  Lastly, WRD has water rights information for the Monument. 
 
Data Sets and GIS Information 
As mentioned above data sets that are available include those downloaded for the water quality data 
inventory and analysis report (NPS 1996).  More recent data has been collected by the USGS and will be 
available in report form in 2004 (USGS 2001). 
 
The USGS has GPS coordinates for wells in the Coconino Plateau aquifer study and for the Little 
Colorado River perched aquifer spring and seep study. 
 
Literature Review 
As one of its objectives the General Management Plan (2001) lists restoration of springs and seeps as 
water sources for wildlife and to enhance wildlife habitat.  This objective stems from the plan’s recognition 
of wetland and riparian values along the Little Colorado River, washes and seeps and springs. 
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Related to these objectives, the Monument has taken part in and has documented water quality and 
quantity through various efforts.  They include the baseline study completed by the WRD (NPS 1996) and 
archived quality and quantity data (WUPA archives) in superintendent’s reports, dissertations, and Steve 
Cinnamon’s work.   
 
The USGS will publish information on the Level 1 Survey of the Little Colorado River soon (USGS 2001).  
The USGS (2000) studied the hydrogeology of the regional aquifer near Flagstaff, AZ, the C aquifer of the 
Little Colorado River (Hart et al. 2002), and is currently studying the geology and hydrology of the 
Coconino Plateau (USGS 2002). 
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Yucca House National Monument 
Hydrogeologic Setting and Significant Water Resources 
Yucca House National Monument lies in the Montezuma Valley between the Mesa Verde cuesta and 
Sleeping Ute Mountain.  The location is near the edge of an extensive farming and ranching rural area 
that is partially under irrigated cultivation.  To the west, north, and south of the Monument are the sparse 
woodlands at the foot of Sleeping Ute Mountain on the Ute Mountain Ute Indian Reservation and the 
desert shrublands of the valley floor. 
 
Yucca House is situated on the Juana Lopez Member of the Mancos Formation, a late Cretaceous 
marine deposit of silty shales.  Quaternary terrace gravels, pediment deposits, alluvium, and loess soil 
cover much of the area's surface. Water resources at Yucca House consist of three, highly mineralized, 
perennial springs and the small wetlands supported by their short-distance flows.  These three sites are in 
close proximity to each other and may or may not be issuing from the same subterranean source.  The 
middle spring is the largest of the three and is the only dependable natural source of surface flow.  The 
south spring's flow may be enhanced from imported water at the stock pond immediately west of the 
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Monument.  The springs afford suitable wildlife habitat and some limited riparian habitat.  These springs 
also have cultural and archeological significance.   
 
Colyer (no date, park files) provides a more complete list of 24 Yucca House waters.  Many of these have 
dried up since the irrigation ditch west of the Monument has been piped in the last year (Win Wright, 
USGS, pers. comm., 7/10/03).  Personnel from the USGS sample four sites within the Monument.  They 
include Ismay Spring (#1), West Pond (#2), Gate Marsh (#4), Middle Marsh (#6, also known as Main 
Yucca House Spring). 
 
Summary of key resources and values associated with water quality and aquatic ecosystems: 

• Water sources for wildlife  
• Riparian and wetland habitat 
• Cultural and archeological significance 

 
 

Yucca House National Monument Natural 
Resource Waters 
Ismay Spring (?) 

Middle Spring 
West Pond 

Aztec Spring 
Gate Marsh 

Main Yucca House Spring 
 
 
Management and Scientific Issues 
There are no 303(d) listed waters or ONWR waters within the Monument. 
 
Within the Monument, management is concerned that seepage from Ute Mountain Ditch may not only 
harm the Monument, but may benefit it as well.  The ditch has been piped, and leaks proved a source for 
the creation of wetlands which expanded the diversity of species and enhanced spring flows.  Since 
piping, many of the springs have dried up.  Additionally, since this is a cultural site of significance that has 
not been excavated, such work may require diversion of remaining spring flows to reduce impacts to 
excavation activities.  Yucca House water resources are also being impacted by unsupervised and 
undirected visitor usage and occasional trespass of livestock from adjoining ranches.  
 
Threats from outside the park include: 1) regional application of malathion, Tordon and algaecides for 
pest control, 2) development around the park since the land is privately held and up for sale, 3) water 
withdrawals from the local aquifer, 4) changes in irrigation practices, 5) atmospheric deposition, 6) gravel 
pit operations to the west of the existing Monument which could cut through the existing aquifer, and 7) oil 
& gas exploration. 
 
Scientific issues associated with water resources may include understanding the hydrogeology of the 
springs and how impacts to the local aquifer may affect those springs. 
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Threats/concerns related to water quality and aquatic ecosystems: 
• Visitor usage of springs 
• Trespass livestock 
• Pesticide use on adjacent lands 
• Potential for development on adjacent lands 
• Resource extraction nearby (gravel pit, oil and gas exploration) 
• Poor understanding of spring hydrogeology and link to local groundwater conditions 
• Potential for increases in local groundwater extraction and water table decline 
• Climate trends and extreme events 
• Potential boundary change 
• Future archeological investigations may require springflow diversion 
• Changes in imported water releases 

 
Literature Cited and Past and Current Monitoring Efforts 
Presently, the USGS is monitoring water quality at more than 3 sites on the Ismay property, which 
surrounds the Monument (Mesa Verde National Park No date, park files; Win Wright, USGS, pers. 
comm., 7/10/03). The effort will assess whether hazardous situations may preclude the federal 
government from purchasing the property. The staff at Mesa Verde have also monitored the water at the 
three springs in the Monument for several years with the most recent sampling occurring in 2001.  
Analysis of water quality in the vicinity of the Monument determined that Ismay Spring, the closest 
monitoring site to the Monument, exceeded EPA standards for pH, sulfates, and cadmium (NPS 2000).  
The more recent data collection may verify or negate concerns with low pH, high sulfate and cadmium 
levels.  Strontium levels appear to be particularly high in the most recent samples collected by the USGS. 
 
The following table provides a summary of efforts to monitor either water quality or quantity at the park: 
 

Description of the 
monitoring and 

duration 

Entity conducting this 
monitoring? 

 
Water Resources 

Affected 
Project inside 

Park? 
(Y or N) 

Comprehensive WQ 
study FY 2002-2004 

USGS – Win Wright  (Ismay Farm 
related to property acquisition) 

Springs Y/N 

Inventory of reptiles 
and amphibians 

NPS; 1999 to present Springs Y/N 

Leopard frog study NPS; 1990 to present Springs Y/N 
Mapping of springs 
and other water 
sources 

NPS Springs Y/N 

Metrological  data/UV 
radiation 

NPS; 2002 to present Springs Y 

Miscellaneous water 
tests 

NPS; 1976-2001 Springs Y 

Invertebrate surveys CSU –Boris Kontradieff, Paul 
Opler 

Springs Y 

 
There are no gauging stations with the Monument, and no water supplies developed for the visiting 
public. 
 
Important literature, studies, reports, park files and miscellaneous information are cited below. 
 
Data Sets and GIS 
YUHO Water Data – compiled; 5 sites 1 observation each 
YUHO Water Data – samples collected from 1976-2001 – MEVE files 
 
Mesa Verde Park maintains a water feature layer of both Mesa Verde and Yucca House. 
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Appendix C:  Ecological Units of NatureServe found within SCPN Parks* 
Ecological 

Unit Ecoregion  Distinctive Characteristics 

Division Tropical/Subtropical Steppe  

• Hot semiarid climate where potential evaporation exceeds precipitation 
• Average rainfall between 250-760 mm annually with great variability; subject to drought and interspersed periods of abundant 

rainfall 
• Locally, altitude produces semi-arid steppe climate on plateaus and high plains that would otherwise be desert 
• Typically grassland of short grass and other herbs with locally developed shrubs and woodlands 
• Mollisols (brown soils) and aridosols associated with these climates. 
• Subject to desertification resulting from inappropriate land use practices 

Province Colorado Plateau 

• Consists of tablelands with moderate to considerable relief 
• Elevations of the plateau tops range from 1,500m to over 2,000 m; local relief from 150-900 m in deeper canyons that dissect 

the plateaus  
• Volcanic mountains rise 300 to 900 m above the plateau surface  
• Narrow and widely spaced stream valleys 
• Generally high altitude causes climate to be characterized by cold winters.  
• Vegetation zonation with elevation, from arid grasslands to ponderosa pines, and Douglas-fir; lodgepole pine and aspen in north
        subalpine zone made of Engelmann spruce and subalpine fir; alpine zone not extensive; shrubs in desert elevations at south of 
• Entisols occur along floodplains of major streams. Aridisols cover plateau tops, old terraces, and alluvial fans.  
• Badlands of rough broken land are extensive in the mountains and on plateaus  

Section 
(USFS 313A) Grand Canyon 

• Area eroded by Colorado River and tributaries 
• Deep sheer-wall canyons, lines of cliffs, elevated plains, low plateaus, mesas, buttes, and badlands dominant landscape 
• More than half of annual precipitation falls during winter; summer rains cause flash flooding in much of Section; few lakes and 

reservoirs occur; and growing season lasts 110-180 days. 
• 47-55 o F annual mean temperature range 
• Annual precipitation range of 80-458 mm 
• Area consists of pinyon-juniper woodland with small area of Great Basin sagebrush and blackbrush vegetation; cold desert 

shrub and steppe woodland vegetation  
• Cyclical/variable fire disturbance 
• Sheep and cattle grazing major land use; hay and pasture lands occur along drainage areas; recreation and tourism 

important  

Section 
(USFS 313B) Navajo Canyonlands 

• Deep canyons result from plateau dissection; volcanic mountains exist (but not block –fault) 
• Precipitation ranges from 200-458 mm; 100 to 180 day growing season 
• Annual mean temperature range 45-57 o F 
• Water scarce; intermittent flow of Little Colorado River draining most of the area 
• Vegetation mainly pinyon-juniper woodlands at higher elevations; semi-desert grasslands at lower elevations 
• Greasewood and saltbush shrub in salt-affected soils 
• Variable fires in intensity and frequency; flash flood and drought common 
• Approximately 90% of area grazed by both cattle and sheep 

* Based on: Bailey 2002, 1998; Colorado Plateau Ecological Planning Team, TNC 2002; USDA Forest Service 1999; McNab and Avers 1994. 
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Ecological 

Unit Ecoregion  Distinctive Characteristics 

Section 
(USFS 341B) Northern Canyonlands 

• Area eroded by Colorado River and tributaries with deep sheer-walled canyons, canyon lands, lines of cliffs, mesas, low 
plateaus, buttes and badlands; elevation range 1,300 m to 3,900 m 

• Area supports spare xerophytic vegetation of semi-deserts; productivity very low; woody tissue predominates 
• Soils are mainly Aridosols, low in humus and high in calcium carbonate; slat deposits cover dry lake beds; poorly drained 

soils saline 
• Water scarce; climate indicative of Temperate Desert Division above; ground water supply limited 
• Entisols and Aridosols in lower elevations; Mollisols, Alfisols, and Inceptisols in higher elevations 
• Vegetation zonation with elevation 
• Blackbrush shrublands, pinyon-juniper woodlands, saltbrush-greasewood shrublands and Stipa-Hilaria grasses in mixed-

shrub steppe 
• ‘Island’ mountain ranges with areas of ponderosa pine, mixed conifer, aspen, sub-alpine spruce-fir forests in these high 

elevation areas 
• Growing season ranges from 60 to 180 days and 45-55 o F annual mean temperature range 
• 150-760 mm annual precipitation range with Monsoonal fire season; water and wind erosion high 
• Grazing for sheep and cattle common land use; recreation also important land use 

Section 
(USFS 313D) Arizona-New Mexico Plateau 

• Major landforms include plateaus, canyons, hills and valley plains 
• Sedimentary rocks of Jurassic and Triassic age predominant; smaller areas of Paleozoic and Precambrian sedimentary rocks 

also present 
• Annual mean temperature range is 40-70 o F 
• Annual precipitation range is 20-63.5 cm 
• Soils include Haplustalfs, Ustochrepts, Haplustolls, Calciustolls, and Argiustolls with mesic soil temperature and ustic soil 

moisture regimes 
• Semi-desert grasslands at lower elevations, pinyon-juniper woodlands at higher elevations 
• Saltbush and greasewood vegetation occurs I dry, salt-affected soils 

Province Arizona-New Mexico Mountain 

• Area consists mostly of steep foothills and mountains; includes some deeply dissected high plateaus. 
• Elevations range from 1,524 m to 3,048 m above sea level 
• In many areas, the relief is higher than 900 m; isolated volcanic peaks rise in northwest of province 
• Mountains contain headwaters for Little Colorado, the Gila, the Mimbres, and the Verde 
• Climate varies considerably with altitude; average annual temperature about 55o F in lower areas and 39o C on high mountain s
• Moisture deficit through spring, until the arrival of summer rains; rains also come in early autumn and winter; mountain precipita

snow  
• Foothill vegetation consists of grasslands, shrublands and riparian forests 
• Above 1676 m in elevation, open forests of ponderosa pine and white fir are found, although pinyon pine savannas at lower elev
• Precambrian igneous rocks are overlain with more recent sediments (including important fossil deposits from the Jurassic 

and Triassic) and volcanics 
• The Mogollon Rim, which stretches almost 321.8 kilometers from Flagstaff, Arizona to near Silver City, New Mexico is a 

prominent feature that defines the southern edge of most the ecoregion 
• Four Corners region composed mostly of Entisols; Alfisols and Inceptisols cover upland areas; stony land and rock outcrops occ

large 
        parts of mountains and foothills  
• Subject to large-scale processes of fire and flood; winter snows and summer ‘monsoon’ rains feed river systems 
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Appendix D:  SCPN Park Narratives 
 
Introduction 
SCPN staff composed the following park narratives in an effort to succinctly summarize current resource 
and management conditions within each individual network park unit.  To do so, SCPN staff obtained 
copies of General Management Plans (GMPs), Resource Management Plans (RMPs), Fire Management 
Plans (where available), and Statements for Management from each network park.  Available 
management documents were reviewed with respect to existing knowledge about park natural resources, 
natural resource concerns, and how existing management direction in the parks interfaced with the goals 
of the new inventory and monitoring program.  Most of the information and details about park resources 
and management issues contained in the following park narratives have been based primarily on these 
plans.  Additional verification of park specific information was also obtained through the parks’ 
Superintendent Interviews and/or Stressor Survey responses and peer-reviewed literature sources. 
 
AZTEC RUINS NATIONAL MONUMENT 
Overview 
Aztec Ruins National Monument includes 130 hectares of land in northwestern New Mexico just outside 
the City of Aztec.  The site has been an established monument since 1923 because of the significant 
physical remains of Ancestral Puebloan culture (Presidential Proclamation 1650, 42 stat. 2295, 
appended) found in the area.  The Monument also has been designated as a World Heritage Site since 
1987 due to its status as a Chacoan outlier. 
 
Early European explorers misidentified the structures at Aztec Ruins to be relics from the 15th century 
Aztec civilization of central Mexico.  Later assessments revealed that Ancestral Puebloans from the 
Chaco period (900 – 1150 A.D.) constructed the dwellings at Aztec Ruins.  Included in the Aztec 
community are several multi-story buildings called "great houses," small residential pueblos, tri-wall kivas, 
great kivas, road segments, middens, and earthworks.  The West Ruin had at least 400 interconnected 
rooms built around an open plaza.  Several remaining rooms have been shown to contain the original 
wood materials use to build the roof.  The site was abandoned around 1150 A.D. and reoccupied from 
1200 – 1300 A.D., probably by Ancestral Puebloans from Mesa Verde. 
 
General Setting and Resources 
Aztec Ruins is found in the Animas Valley south of the La Plata Mountains of southwestern Colorado.  
The Animas River forms the eastern border of the Monument.  The Monument’s elevation ranges from 
1716-1764 m.  The natural resources of this site generally include water, arable lands, and riparian 
vegetation. 
 
Natural Resources 
Biotic communities at Aztec Ruins belong to the Colorado Plateau Semi-Desert Province (Bailey et al. 
1994).  The plateaus around the Monument are formed of limestone covered by pinyon-juniper 
woodlands and grasslands.   
 
Vegetation and Flora 
Located along the Animas River, the borders of Aztec Ruins encompass 11 vegetation types including 
riparian, pinyon-juniper woodlands, and grasslands.  Nearly 300 plant species have been documented at 
the Monument.  Many of the documented plant species are indicative of the Sonoran Floristic province, 
such as big sagebrush (Artemisia tridentata), fourwing saltbush (Atriplex canescens), rabbitbrush 
(Chrysothamnus spp.), and pinyon pine (Pinus edulis).  None of the plant species found on Monument 
lands are federally listed as threatened or endangered. 
 
Fauna 
Aztec Ruins supports at least 70 bird species, including one species that is listed as a State of New 
Mexico species of concern.  There are 28 documented mammal species, including seven species of bats.  
Two bat species are federally listed as species of concern.  Three amphibian species and 10 reptile 
species are also found at the Monument. 
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Water 
Few natural water resources exist at Aztec Ruins.  The primary water resource is the perennial Animas 
River that runs for 1.7 km along the Monument’s east boundary. 
 
Air 
Aztec Ruins is listed as a Class II park under the Clean Air Act. 
 
Geology and Paleontology 
The Aztec Ruins area is underlain by sandstone of the Nacimiento Formation, which is typically overlain 
by a thin sandy-to-sandy loam residuum and gravels and cobbles deposited by Pleistocene melt waters. 
 
Significant Resources 
High Biotic Diversity.  A unique characteristic of Aztec Ruins is the diversity of habitats and associated 
flora and fauna contained within a small area. 
 
Management Issues 
Noxious and Exotic Species 
An important management issue is the presence of noxious and exotic plant species that threaten both 
grassland and riparian habitats.  Among the noxious weeds are bull thistle (Cirsium vulgare), whitetop 
(Cardaria draba), and Russian knapweed (Acroptilon repens).  The more prevalent exotic weeds include 
cheatgrass (Bromus tectorum), Russian olive (Elaeagnus angustifolia), and saltcedar (Tamarisk spp.).  
Park roads, trails, landscaped areas, work sites, and an irrigation ditch function as paths for and sources 
of exotic plant species.  Feral animals including dogs, cats, and domestic rabbits are found at the 
Monument and survive by depredating native species. 
 
Adjacent Land Management 
Urban and mineral developments at the Monument’s borders have the potential to impact its natural 
resources.  A mobile home park and a housing development run alongside the Monument on the south.  
Various scattered developments in other directions include natural gas and oil wells and associated 
pipelines and the potential for additional housing development.  As the City of Aztec expands, housing 
and other development may eventually surround the Monument. 
 
Conflicting Cultural and Natural Resource Management 
Some plant and animal species adversely impact the cultural resources of the Monument resulting in 
conflicting needs between the management of natural and cultural resources.  For example, the roots of 
grasses and other plants growing on or near the ruin walls break down the integrity of the wall structure.  
Rodents such as black-tailed prairie dogs, a candidate species for listing under the Endangered Species 
Act, can destabilize ruin walls by creating tunnels under the walls. 
 
Additional Concerns 
Other management issues in the Monument include: 1) existing gas wells within the Monument that may 
be impacting air quality, 2) water management, 3) potential poaching, and 4) natural or human-caused 
fire. 
 
Literature Cited 
Bailey, R. G., P. E. Avers, T. King, and W. H. McNab, editors.  1994.  Ecoregions and subregions of the 

United States (map). Washington, D.C.: USDA Forest Service. 1:7,500,000. With supplementary table 
of map unit descriptions, compiled and edited by W. H. McNab and R. G. Bailey. 

 
SCPN Park document(s) used in this park narrative: 
Aztec Ruins National Monument Resources Management Plan, 1996 
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BANDELIER NATIONAL MONUMENT 
Overview 
Bandelier National Monument comprises 13,628 hectares and extends from the Rio Grande at 1,590 
meters to the summit of Cerro Grande at 3,109 meters on the Valles Caldera rim.  Designated as a 
National Monument in 1916 for its ancient Puebloan resources, Bandelier contains cultural, natural, and 
wilderness resources (Presidential Proclamation 1322, 39 Stat. 1764, 1916).  In 1976, President Ford 
recognized the importance of the natural resources at Bandelier and designated seventy percent of the 
Monument as wilderness.  Ninety percent of the park is managed as backcountry and more than half of 
its trails are part of the National Trail System. 
 
The Monument contains dwellings of the Anasazi people who lived in the region between 1100 and 1600 
A.D.  Although the full extent of archeological resources is still unknown, a survey conducted during the 
late 1980’s of nearly half the park property found an archeological site in about every 3 hectares searched 
(Head 1992).  The relatively soft and poorly consolidated geologic material in the area allowed prehistoric 
people to carve homes and granaries out of small caves and alcoves that formed naturally along the side 
walls of the region's canyon (Chronic 1986).  Despite excavations that occurred prior to protection by the 
National Park Service, the Monument still contains excellent resources for research into the lifeways of 
the ancestral Puebloans. 
 
General Setting and Resources 
Bandelier is located in northcentral New Mexico along the eastern side of the Jemez Mountains.  The 
Jemez Mountains lie at the southern edge of the Rocky Mountains.  Most of the Monument overlaps the 
southern portion of the Parajito Plateau, a geologic formation of narrow mesas and deep canyons.  The 
Monument is bordered by Santa Fe National Forest to the west and northeast, Valles Caldera Nature 
Preserve to the northwest, Los Alamos National Laboratory to the east, and the Rio Grande to the 
southeast.  Because the Monument is nearly surrounded by federal land and a private preserve, the 
likelihood of urban encroachment is low. 
 
Natural Resources 
The elevational gradient and diversity of landforms within Bandelier provide a diverse variety of plant and 
animal communities.  The Monument overlaps the Great Plains-Palouse Dry Steppe and Southern Rocky 
Mountain Steppe Provinces (Bailey et al. 1994).  Most faunal species common to each of these provinces 
are found within the Monument boundaries. 
 
Vegetation and Flora 
Complex terrain and vegetation typify the Monument.  In all, 15 vegetation types have been recognized 
including juniper-grassland, pinyon-juniper, ponderosa pine, mixed conifer, high-elevation meadows, and 
canyon slope and riparian zones.  A general elevational sequence of the major vegetation cover types 
within Bandelier from the eastern boundary of the Monument along the Rio Grande at 1,615 meters to the 
summit of Cerro Grande at 3,109 meters would proceed as follows: juniper-shrub-grasslands occur from 
1,615 meters to approximately 1900 meters; piñon-juniper woodlands from 1,900 to 2,100 meters; 
ponderosa pine forests 2,100 to 2,300 meters; and mixed conifer forests consisting of ponderosa pine, 
Douglas-fir (Pseudotsuga menziesii), white fir (Abies concolor), aspen (Populus tremuloides) and 
Engelmann spruce (Picea engelmannii), blue spruce, and limber pine from 2300 to 3100 meters.  
Grassland, shrub, and aspen types are found on southerly exposures within the mixed conifer zone.  
Species commonly found in grassland communities and in the understory of the woody plant communities 
include: blue grama (Bouteloua gracilis), black grama (Bouteloua eriopoda), bluestem (Andropogon spp.), 
and galleta grass (Pleuraphis jamesii), Bluegrass (Poa spp.), Junegrass (Koeleria nitida), mountain 
brome (Bromus spp.), mountain muhly (Muhlenbergia montana) and Arizona fescue (Festuca arizonica).  
The vegetation and flora have affinities primarily with the southern Rocky Mountains rather than the 
Colorado Plateau.  Over 750 vascular plant taxa have been documented thus far at Bandelier, with only 
one that is listed by New Mexico Natural Heritage Program as endangered and another is federally 
threatened and state endangered. 
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Fauna 
According to current records, Bandelier supports 10 amphibians, 216 birds, 34 fish, 80 mammals, 36 
reptiles, 382 insects (of which more than 81 are butterflies), and 124 arachnids.  The Jemez Mountain 
salamander is the only endemic amphibian to occur on the Colorado Plateau. 
 
Water 
The water resources of Bandelier include a number of perennial springs and streams.  The Monument is 
located on a plateau cut by three stream drainages: Frijoles, Alamo, and Capulin Canyons.  Frijoles 
Canyon contains a permanent stream, El Rio de los Frijoles; Capulin Creek flows year round only in the 
upper third of the canyon, and Alamo Creek carries permanent water only in the northern part of its 
canyon.  The Rio Grande delimits the southwest border of the park for 8.8 km.  Stream corridor length 
within the Monument amounts to 121 km.  Two perennial desert springs, Apache and Turkey Springs, are 
found respectively near the north and west borders.  Frijoles and Alamo springs, both perennial springs 
along the Rio Grande were extinguished with sedimentation deposited by Cochiti Reservoir in the late 
1980’s.  Recently, Frijoles Spring began flowing again and perennial wetland vegetation has 
reestablished. 
 
Air 
Bandelier has been designated as a Class I park under the Clean Air Act.  Data on ozone concentrations 
collected in the mid- to late 1990’s were within EPA standards for 8-hour and peak concentrations. 
 
Geology and Paleontology 
The Jemez Mountains are part of the largest caldera (large craters formed by a volcanic explosion or 
collapse of a volcanic cone) in North America.  When the Jemez Volcano collapsed it left a 22.5 km wide 
caldera known as Valle Grande that is located north of Bandelier.  The peaks around the Monument 
formed the rim of an ancient volcano that erupted nearly a million years ago.  The eruption covered the 
surrounding area with ash that hardened over time into a soft rock called tuff.  Other volcanic substrates 
like basalt and tufa may be found throughout the Monument as well as pumice, cobbly colluvial and 
alluvial soil materials found at the foot of canyon walls.    
 
Significant Resources 
Unfragmented Landscape.  A significant resource of Bandelier is the relatively intact landscape within and 
adjacent to the Monument.  Lack of development on surrounding lands is attributable to buffering by the 
adjacent Santa Fe National Forest and Valles Caldera National Preserve. 
 
Sensitive Species.  Bandelier National Monument has potential habitat for several federal- and state-
listed species.  The riparian corridor above Cochiti Reservoir provides habitats with some of the richest 
bird diversity in the park.  The Jemez Mountains salamander holds importance as the only endemic 
amphibian on the Colorado Plateau.  In addition, Bandelier supports the only population of yellow lady’s 
slipper and may serve as a source population on surrounding lands as well as an important source of 
genetic diversity or connecting population in a metapopulation landscape. 
 
Additional Resources.  Air quality is an important resource at Bandelier because of its designation as a 
Class I park under the Clean Air Act, and this contributes to the high quality night sky. 
 
Management Issues 
Loss of Properly Functioning Ecosystems 
Loss of naturally functioning ecosystems as a result of historic grazing and fire suppression is resulting in 
large-scale crown fires, accelerated losses of soils and cultural material remains, and associated changes 
in biotic diversity and abundance (Sydoriak et al. 2000).  Historically, assorted herbaceous understory 
supported frequent surface fires that maintained relatively open, grassy, woodland, ponderosa pine, and 
mixed conifer forest systems.  The loss of the herbaceous cover to grazing effectively interrupted fire 
regimes and triggered a feedback loop of increasing tree density that tied up nutrients and water, further 
limiting the growth of herbaceous plants (Gottfried et al. 1995).  Increased tree densities and long-term 
fire suppression have resulted in a series of catastrophic fires in upland forests (affecting nearly one-half 
of the park total forested area), as well as post-fire flooding and erosion that has further damaged 
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associated native biotic (and aquatic) communities (Allen et al. 2002).  In woodland systems, severe soil 
erosion has altered the ecosystem to the extent that ground cover cannot recover in many areas despite 
the removal of livestock (Wilcox et al. 1996a, 1996b, Davenport et al. 1998).  Wilcox et al. (1996b) predict 
that many woodland soils will be lost within 100-200 years if park management does not address the 
restoration of these degraded systems. 
 
Management of Adjacent Lands 
Adjacent land management missions are largely incompatible with NPS mandates and goals.  For 
example, radioactive contaminants generated by the Los Alamos National Laboratory are entering the 
food chain.  In addition, multiple-use practices in the Santa Fe National Forest may be adversely 
impacting the headwaters of Rio Grande tributaries that flow through Bandelier. 
 
Dams/Reservoirs 
Sustained inundation from the Cochiti Reservoir in late 1980’s severely impacted the river riparian zone 
along the Monument’s southeastern border, destroying native plant and animal communities, burying 
cultural sites, and converting the area into disturbed flood zone dominated by agricultural weeds.  
Sustained water holding and associated sedimentation also obliterated a popular hiking trail, extinguished 
at least two springs along the Rio Grande, and, in the process, extirpated several native plant species 
from the park including one state imperiled species (Epipactis gigantea).  Downstream dams such as 
Elephant Butte effectively blocked the seasonal migration of the American Eel up the Rio Grande. 
 
Human Use/Visitation Above Resource Carrying Capacity 
Between 1980 and 1995 visitor use at Bandelier more than doubled in number and increased in duration 
(peak visitation extends from April to November).  Although visitor use of Southwest parks has decreased 
in the last few years, this may be a temporary trend resulting from economy, several severe fires in 1996, 
1998, and 2000, and the general reduction in tourism since 2001. 
 
Exotic Plant Species 
About 17 percent of the park's documented vascular plant species are non-native; while some are 
naturalized and many more primarily restricted to disturbed sites, a few of these exotics are aggressive 
invaders of native plant communities and thus merit active control (Jacobs 1989). 
 
Elevated Ungulate Populations 
Populations of elk (Cervus elaphus) may be changing plant communities through overgrazing and 
browsing.  Browse by elk has exceeded documented pre-European range of variation, especially on 
woody vegetation in the upper elevations of the Monument. 
 
Additional Concerns 
Two additional management concerns within the Monument are the 1) continued trespass of livestock, 
and 2) the potential loss of invertebrate species (some of which may be new to science) if chemicals are 
used to prepare streams for introduction of the Rio Grande cutthroat trout (Oncorhynchus clarki virginalis). 
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SCPN Park document(s) used in this park narrative: 
Bandelier National Monument Resources Management Plan, 1995 
 
 
CANYON DE CHELLY NATIONAL MONUMENT 
Overview 
Canyon de Chelly National Monument is located in northeastern Arizona approximately 4.8 kilometers 
east of Chinle.  The Monument was authorized in 1931 to protect prehistoric villages built between 350–
1300 A.D (Presidential Proclamation 1945, 35 Stat. 2119).  A boundary expansion in 1933 resulted in the 
protection of 33,928 hectares. 
 
The archaeological sites within Canyon de Chelly represent at least two cultures.  Early occupants of the 
canyon area, referred to as Basket Makers, lived in circular pithouses dug into the ground.  The style of 
houses gradually changed to become rectangular houses of stone masonry that were connected together 
in compact villages.  About 1300 A.D., a prolonged drought and perhaps other causes, forced the people 
to abandon their homes.  The canyons were sporadically inhabited until around 1700 when the Navajo 
Indians began to occupy Canyon de Chelly and used the area as a stronghold against the Spanish, 
Mexican, and American governments. 
 
General Setting and Resources 
The Monument lies within the Navajo Nation and is composed of four main canyons that extend from its 
eastern edge on Defiance Plateau to Chinle Wash at its western edge.  These canyons drain the Chuska 
Mountains and Defiance Plateau that comprise the most mesic terrain within the Navajo Nation.  Most 
drainages within the Monument are enclosed by vertical-walled canyons that range in depth from about 
305 meters to 9 meters where they empty into Chinle Wash. 
 
Natural Resources 
The Monument is located within the Colorado Plateau Semi-Desert Province (Bailey et al. 1994).  
Cottonwoods and exotic species such as saltcedar (Tamarix spp.) and Russian olive (Elaeagnus 
angustifolia) both occur along the wash in the upper Sonoran life Zone.  At lower elevations, juniper-
pinyon woodland and Colorado Plateau desert shrub communities exist along the rim.  A transition zone 
of ponderosa pine (Pinus ponderosa), Douglas-fir (Pseudotsuga menziesii), quaking aspen (Populus 
tremuloides) and Gambel oak (Quercus gambelii) is located at higher elevations on the rim and in the 
Chuska Mountains. 
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Vegetation and Flora 
Seven habitat types have been identified at Canyon de Chelly.  Hanging gardens are found within 
Canyon de Chelly and Canyon del Muerto.  A total of 770 vascular plant species have been documented 
thus far at Canyon de Chelly.  Of these, two plant species are listed under the Federal Endangered 
Species Act, while one additional species is listed as “harvest safeguarded” by the Arizona Heritage Data 
Management System. 
 
Fauna 
According to current records, Canyon de Chelly supports 8 amphibian, 147 bird, 34 fish, 49 mammal, and 
14 reptile species.  The only animal species in the Monument that are listed as threatened or endangered 
are the bald eagle (Haliaeetus leucocephalus) and southwestern willow flycatcher (Empidonax traillii 
extimus) although one amphibian and six additional avian species are listed as wildlife of special concern 
by the Arizona Heritage Data Management System. 
 
Water 
Perennial stream corridors amounting to about 65 kilometers occur in the upper third of the canyons.  
There is one perennial stream, Wheatfields Creek, and three canyon drainages which are located in 
Canyon del Muerto, Coyote Wash and Black Rock Canyon.  These, too, have perennial stream flow 
according to the National Hydrologic Database.  Throughout the rest of the Monument there are 
numerous intermittent drainages.  Lower reaches of streams tend to be intermittent.  Subsurface water is 
available all year.  Snow pack run-off and the intensity of summer rainstorms directly influence stream 
flow.  In addition to the creeks and drainages there are 12 springs at the Monument and a perennial pond 
at the northeastern end of Canyon del Muerto. 
 
Air 
Canyon de Chelly is listed at a Class II park under the Clean Air Act. 
 
Geology and Paleontology 
Canyon walls at the Monument are composed of De Chelly sandstone that was laid down over 200 million 
years ago during the Permian Age.  Large sections of the sandstone are covered with a dark coating 
called desert varnish.  Desert varnish is created by the oxidation of manganese and iron oxides that 
stains the sandstone.  This type of surface often was chipped off to expose the lighter undercoat and 
create petroglyphs.  A significant geologic feature at Canyon de Chelly is the Spider Rocks.  These are 
twin rock towers that rise 259 meters (Harris and Kiver 1985). 
 
Significant Resources 
Water Resources.  Although lower elevations of the Monument are dry during part of the year, upper 
elevations contain perennial sources of water that are important to the plant and animal communities of 
the Monument.  Canyon bottoms also sustain riparian vegetation through perennial sources of subsurface 
water. 
 
Hanging Gardens.  This unusual community of plants can be found on cliff faces of canyons in the 
Monument. 
 
Additional Resources.  Other resources in the Monument include 1) unusual geologic formations such at 
Spider Rocks, and 2) riparian habitat in the upper watershed region. 
 
Management Issues 
Exotic Plants 
Several non-native trees, shrubs and grasses are found in the Monument.  Saltcedar is well established 
in both Canyon de Chelly and Canyon del Muerto and is spreading to the upper drainage and side 
canyons.  In the early 1900’s, Russian olive was planted to stabilize shorelines and protect cultural 
resources.  Other invasive plants found at the Monument include cheatgrass (Bromus tectorum) and 
Russian thistle (Salsola kali). 
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Water Quantity and Quality 
Earthen dams at the heads of Canyon de Chelly and Canyon de Muerto are reducing the quantity of 
water that reaches riparian habitats.  This may be the root cause of die-offs among hanging garden 
habitats. 
 
Erosion 
Erosion, bank cutting, and arroyo cutting are major threats to cultural resource sites along the floors of 
Canyon de Chelly and Canyon del Muerto. 
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SCPN Park document(s) used in this park narrative: 
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CHACO CULTURE NATIONAL HISTORIC PARK 
Overview 
Chaco Culture National Historical Park is located in northwestern New Mexico, near the geographic 
center of the San Juan Basin Region.  The Park was originally designated as a national monument in 
1907 to preserve the significant archaeological features located in Chaco Canyon (Presidential Proclamation 
1945, 35 Stat. 2119).  During the 1970’s, exploration throughout the San Juan Basin Region revealed that 
the prehistoric Chacoan culture extended far beyond the national monument boundary.  This discovery 
led Congress to pass Public Law 96-550 in 1980 that expanded the Monument boundaries to include a 
total of 13,742 hectares and changed the status from a national monument to a national historical park.  
The Park is listed in the National Register of Historic Places, and was also designated an UNESCO World 
Heritage Site in 1987. 
 
Chaco is of national and international significance because it contains approximately 4000 prehistoric and 
historic archeological sites representative of Paleo-Indian, Archaic, Pueblo, and Navajo occupations.  The 
prehistoric sites (about 8000 B.C. to 1275 A.D.) contain architecture and other cultural material that 
illustrates the evolution and interrelationships of indigenous cultures through time.  Puebloan period sites 
vary in size from small lithic scatters, camp sites, and one-room pit houses to complex pueblos containing 
hundreds of rooms and dozens of kivas.  The presence of seasonal camps, permanent habitations, and 
sites of sacred importance reflect Navajo occupation (circa 1650 to 1950 A.D.). 
 
General Setting and Resources 
Chaco is located to the west of the continental divide in the San Juan Basin, a generally semi-arid region 
of mesas, canyons, plains, and badlands.  The Park encompasses three prominent land forms: the 
alluvium-filled valley floor of Chaco Canyon, with its prominent drainage features; expansive sandstone 
mesas, topped by slickrock outcrops and gently rolling hills; and a number of smaller side canyons 
(including box-canyons locally known as “rincons”) eroded into the sandstone faces adjacent to the main 
canyon floor. 
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Natural Resources 
Biotic communities at Chaco Canyon belong to the Colorado Plateau Semi-Desert Province (Bailey et al. 
1994).  Although established primarily for its archaeological resources, the Park encompasses a large 
natural area and is one of only two protected areas in the San Juan Basin Region.  As such, the Park is 
also an appreciable “island” of biodiversity, harboring plants and wildlife that are otherwise sensitive to 
grazing, mineral extraction, and development within the basin. 
 
Vegetation and Flora 
Park vegetation is predominantly Great Basin grassland and Great Basin desertscrub.  Nine vegetation 
types have been documented in Chaco, including pinyon-juniper woodland, grassland, and riparian 
vegetation.  Diverse shrub and wildflower communities occur locally near sandstone bluffs throughout the 
canyon, and pinyon-juniper woodland is well developed at higher elevations on the mesa slopes.  
Riparian vegetation, including mature cottonwood stands and willow groves, is locally abundant along the 
arroyo within the canyon floor and around the few seeps found in the Park.  Cryptobiotic crusts are found 
throughout the Park.  Current records indicate that the Chaco has approximately 250 species of vascular 
plants.  No plant species listed under the Federal Endangered Species Act, nor the New Mexico Natural 
Heritage Program is known to occur within the Park.  One rare native, Macdougal’s false carrot (Aletes 
macdougali), is found within the Park. 
 
Fauna 
Current records indicate that the Park supports 4 species of amphibians, 127 species of birds, 41 species 
of mammals, 14 species of reptiles, and 27 species of invertebrates.  Of these, one avian species is listed 
under the Federal Endangered Species Act and another bird is listed by the New Mexico Natural Heritage 
Program as threatened.  Of the 14 bat species in the Park, one is state-threatened.  Within the last 2 
years, a Merriam’s wild turkey has been observed in the Park’s riparian habitat. 
 
Water 
The Chaco Wash, an intermittently flowing stream, runs through the middle of the primary unit of Chaco 
for 25.8 kilometers.  Its flows are derived from summer thunderstorms and winter snowmelt within a 
2,175-km2 watershed (Simons, Li, & Associates 1982).  A succession of three pools found at the 
confluence of the Chaco and Escavada wash generally has reliable water.  Other than a few isolated seeps 
found in side canyons and rincons, there are few other reliable sources of water for wildlife within proximity of 
the Park.  A reliable shallow aquifer is present beneath the Chaco Wash, which supports a canopy of 
cottonwood trees and willow groves beneath the arroyo walls.  Recently, a flowing spring was found on 
Chacra Mesa which supports many wildlife species. 
 
Air 
Although the Park is classified as a Class II airshed, in which some degradation is legally allowable, as of 
1982 the Park had the best air quality among several western parks with similar programs. 
 
Geology and Paleontology 
Chaco Canyon is eroded into Cretaceous sandstone and shale outcrops exposed in the center of the San 
Juan Basin in northwestern New Mexico.  Local topography is shaped primarily by variable erosion rates 
between the resistant Cliff House Sandstone and the underlying, weakly-consolidated Menefee Shale 
members of the Mesa Verde Group (DeAngelis 1972).  Both geologic units were deposited during late-
Cretaceous time at the southwestern-most shoreline transgression of an interior sea (Love 1983).  The 
entire Cliff House Sandstone unit (approximately 150 meters thick) is exposed and forms the steep walls 
and mesa tops of the canyon.  The upper 20 meters of the Menefee Shale (total thickness of 550 meters) are 
exposed beneath the sandstone at base of the canyon walls.  There is evidence of appreciable 
paleontological resources within the Park that have received little study as of yet. 
 
Significant Resources 
Intact Habitat.  Chaco currently benefits from a relatively remote location.  The Park likely represents the 
largest ungrazed grassland resource in northwestern New Mexico, offering unique opportunities to study 
the vegetation and habitat recovery of formerly grazed lands, along with the composition of bird 
communities in the absence of domestic livestock grazing pressure.  The Park harbors some of the best-
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developed riparian vegetation and pinyon-juniper woodland within a 25,890 square kilometer area that 
likely provides critical staging habitat for bird migrations during the spring and winter.  The low human 
population density and relative absence of transportation corridors in the surrounding region contribute to 
preserving relatively large patches of unfragmented habitats, significantly impacted only by livestock grazing. 
 
Watershed Resources.  The shallow aquifer and surface water resources are the root source of the 
Park’s high biodiversity and have contributed indirectly to the preservation of the Park’s archaeological 
features.  Chaco wash is the primary source of water for wildlife in and around the Park.  A high water table 
supports riparian vegetation, which considerably enhances available habitats.  Without these water 
resources, a significant number of plant and animal populations could become severely limited or 
extirpated from the Park.  Cottonwood trees that grow within the arroyo stabilize the banks and prevent 
serious lateral bank erosion and loss of numerous archaeological sites found on the canyon floor. 
 
Night Sky.  Many archaeological sites in Chaco Canyon have been selected by researchers as places 
that offer examples of ancient knowledge of astronomy.  Some researchers go as far as asserting that the 
architecture found in the great buildings of Chaco is especially aligned to solar and lunar events—not only 
the individual buildings themselves, but also the alignments between buildings that may not easily be 
perceived.  The night sky at Chaco has long been recognized as a precious natural resource and a 
potential cultural landscape. 
  
Additional Resources.  Other important natural resources include 1) scenic vistas, 2) natural quiet, and 3) 
cryptobiotic crusts and other microphyte communities. 
 
Management Issues 
Management of Adjacent Lands 
The Park's cultural and natural resources are threatened by external development and land-use pressure 
within the Chaco watershed (e.g. overgrazing, development of groundwater resources, oil and gas 
exploration and production, and coal and uranium mining).  Resource managers remain concerned about 
coal strip-mining leases issued on Federal and tribal lands surrounding the Park during the 1980s.  Coal 
strip mines could divert all flows within the Gallo Wash tributary out of the Chaco watershed (Simons, Li & 
Associates 1982).  All of these activities could affect the frequency and severity of surface flows, water 
quality, sediment loading, and/or lowering of the water table within Chaco Canyon.  In addition, proposed 
uranium mines within the watershed would rely upon intensive use of groundwater, which could result in 
the depletion and/or contamination of aquifers and the discharge of “spent” water into surface drainages 
(Simons, Li, & Associates 1982).  Petroleum production continues, and new seismic exploration is 
occurring near the Park.  Air quality may be impacted by the proposed construction of additional coal-fired 
power generating stations in the region along with increased emissions as several nearby communities 
experience continued growth. 
 
Elevated Ungulate Populations 
Recent increases in populations of elk (Cervus elaphus) may be changing plant communities through 
overgrazing and could inhibit efforts toward re-establishment of native plants. 
 
Non-native, Invasive Species 
Non-native saltcedar (Tamarix spp.) has become a dominant species in riparian areas throughout the 
Southwestern United States and is common throughout Chaco Wash.  Cheatgrass (Bromus tectorum) 
has invaded several thousand hectares within the Park.  Changes in riparian bird communities associated 
with the presence of saltcedar are well documented in scientific literature, and scientists have recently 
focused on changes in bird communities commensurate with cheatgrass invasion and changes in natural 
vegetation structure and fire regimes. 
 
Additional Concerns 
Additional management issues include 1) backcountry management of social trails, 2) fire management, 
and 3) erosion control. 
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SCPN Park document(s) used in this park narrative: 
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EL MALPAIS NATIONAL MONUMENT 
Overview 
El Malpais National Monument encompasses 46,559 hectares in west-central New Mexico just south of 
the City of Grants and 116 kilometers west of the City of Albuquerque.  The Monument was established in 
1987 to protect significant natural and cultural resources (Public Law 100-225).  Landforms include 
examples of successional volcanic eruptive events, eleven volcanoes, lava tubes and other cave 
systems.  Cultural features include the Candelaria Pueblo Chacoan Outlier, archaic Paleo-Indian and 
prehistoric puebloan sites, cultural landscapes of five tribes, and evidence of Spanish, Mexican, and 
United States exploration and settlement activities. 
 
From archeological evidence, the region's first dwellers appeared in the area during the Paleo-Indian 
Period (10,000 – 5,500 B.C.) and subsisted chiefly by hunting game.  During the Archaic Period (5500 
B.C. – 400 A.D.), El Malpais residents exhibited a growing dependence on agriculture and began to utilize 
the surrounding mesa tops and valleys for seasonal periods.  The Anasazi (400 – 1600 A.D.) represents 
the transformation of Indians from hunters-food gatherers to a Puebloan peoples, who were chiefly 
farmers.  Toward the end of the thirteenth century, widespread drought affected the inhabitants living in 
the area.  Demographics point to the abandonment of the mesa tops in favor of living along the valleys, 
such as the Rio San Jose to the north and the Rios Puerco and Grande to the east (Gallio and Tainter 
1980). 
 
General Setting and Resources 
The Monument lies east of the Continental Divide on the slopes of the Zuni Mountains and forms the core of 
the Mount Taylor volcanic region, one of the most significant volcanic areas in the United States.  Horace 
Mesa traverses the northeastern border of the lava fields with the Cebollita Mesa at the eastern border.  
Cibola National Forest and the El Malpais National Conservation Area surround most of the Monument.  An 
area at the northern boundary along State Highway 53 lies alongside private land, while another area on the 
east side adjacent to State Highway 117 belongs to the Acoma Pueblo. 
 
Natural Resources 
The biotic communities of El Malpais are characterized as belonging to the Arizona-New Mexico 
Mountains Semi-Desert-Open Woodland-Coniferous Forest-Alpine Meadow Province with affinities to the 
Chihuahuan Desert (Bailey et al. 1994). 
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Vegetation and Flora 
Seven major vegetation zones and over 600 species of vascular plants have been identified at El 
Malpais.  Dominant vegetation types are ponderosa pine and pinyon-juniper forests with grassland 
understories.  Lava edge ecotones typically support pinyon-juniper and aspen woodlands although some 
ancient Douglas-fir trees (Pseudotsuga menziesii) are found in the midst of rugged lava terrain.  Of the 
vascular plants documented in the Monument, the Pecos sunflower (Helianthus paradoxus ) is listed as 
federally threatened and state endangered, and the serrate phacelia  (Phacelia serrata) is a state species 
of concern found only in New Mexico and Arizona. 
 
Fauna 
According to current records, El Malpais supports 10 amphibian, 208 bird, 71 mammal, 27 reptile species, 
and over 100 invertebrate species.  Of the invertebrate species, fifteen are previously undescribed 
endemics to the Monument.  One avian species is listed under the Federal Endangered Species Act as 
threatened and an additional two birds and one mammal are listed as threatened by the New Mexico 
Natural Heritage Program.  A primary resource is the bat colonies and other sensitive cave fauna 
associated with lava tubes and caves. 
 
Water 
The park and its lava flows are contained within a closed basin.  All precipitation entering the area is 
either used by vegetation or sinks into the lava flow and enters the groundwater system.  A large reservoir 
of subsurface water is believed to be present beneath the lava.  One of the only places where this unit of 
saturation may surface is on the northern edge of El Malpais National Monument at the Rio San Jose and 
the associated springs and seeps.  The Monument has very little surface water.  Higher topographic 
areas both in and outside the Monument supply runoff from snowmelt or rain to the edges of the flows 
where ponding occurs, and tinajas (potholes) are common in sandstone outcrops throughout the 
Monument.  These are all quite small in size, the largest having an area of about 2.7 hectares.  Local 
wildlife may rely on the shallow pools associated with ice caves during the dry summer months.  A few 
intermittent drainages, such as Agua Fria Creek, have been known to flow for several weeks. 
 
Air 
El Malpais is designated as a Class II area under the Clean Air Act. 
 
Geology and Paleontology 
The western portion of the region falls within the elongated dome called the Zuni Uplift.  The eastern half 
lies within the Acoma Embayment (Gallio and Tainter 1980).  The Monument encompasses a diverse 
volcanic-derived landscape, with 10 major volcanic vents (most in the form of cinder cones), 7 contiguous 
lava flows, and some of the longest lava tube systems in the country.  The flows created other geologic 
features including lava caves, perennial ice caves, kipukas, and lava surface features such as pahoehoe 
(a smooth, ropy-texture) and aa (a sharp, jagged texture).  Kipukas usually are non-lava islands 
completely surrounded by lava and some are over 283 hectares in size.  Although the Monument has not 
been surveyed for paleontological resources, several rock formations including Dakota sandstone, 
Mancos shale, San Andres limestone, and the Abo Formation contain fossils in neighboring outcrops. 
 
Significant Resources 
Geologic Features.  Mostly volcanic terrain, the Monument contains some of the most recent lava flows in 
the continental United States.  Of the many geologic features listed above, the perennial ice caves are 
particularly unique.  Most of the caves are found within the northwest corner of the Monument and have 
proven to be a repository of paleo-climatic data that may be of considerable importance to global change 
research.  These caves were formed from fractures and voids in the flows containing small-perched water 
tables that have frozen and support unique flora and fauna. 
 
Ecological Diversity.  Varying elevations, climate, plants, animals, and ecotones contribute to diverse 
biotic communities in the Monument.  In addition to plant and animal species associated with the 
predominate vegetation communities of pine and grassland, the Monument supports several unusual 
communities associated with the harsh habitats of lava substrates and cave systems and with the 
transition zones along the lava edge and interface between lava and sandstone.  Tracts of old growth 
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habitat support species that depend on old growth for nesting habitat.  Because the lava surrounding the 
kipukas makes them nearly inaccessible to domestic livestock, many kipukas appear to have experienced 
limited grazing.  As a result, the Monument possesses islands of relatively undisturbed vegetation, which 
is rare in the southwest and could provide a reference for restoring disturbed habitats of the area. 
 
Additional Resources.  Other important natural resources at El Malpais are 1) contiguous tracts of 
unfragmented habitat including adjoining federal properties, and 2) the solitude available in the 
undeveloped landscape. 
 
Management Issues 
Altered Fire Regime 
Human use, fire suppression, and climate change collectively have contributed to changes in fire-adapted 
vegetative communities.  Community composition, such as in the more open grasslands that existed 
before the 1900s, has changed to grass-shrub communities and pinyon-juniper woodland with 
understories of non-native exotics.  The pre-settlement fire regime (before 1880), where naturally 
recurring fire disturbances kept surface fuel loadings low and woodlands open with grassy understories, 
became severely disrupted with the onset of 20th century fire suppression policies.  These repeated, 
historic, low-intensity surface fires, which drove important ecological processes, including maintenance of 
native plant communities in the southwest, were ended abruptly before the turn of the 20th century 
(Bennett 1974, Dieterich 1983, Swetnam and Baisan 1996, Wolf and Nast 1998).  Grissino-Mayer (1995) 
reported that wildfire was a common phenomenon in malpais forests since at least 1350 A.D.  At the site 
level, fires (before 1880) occurred approximately once every 5 to 12 years.  Minimal intervals ranged 
between 1 and 3 years, and maximum intervals ranged between 12 and 55 years.  At the regional level, 
Grissino-Mayer (1995) reported that fires occurred somewhere within the study boundaries approximately 
once every 2 years. 
 
Livestock Grazing 
Livestock grazing, primarily sheep and cattle, occurred in the Monument area for approximately 150 years.  
Sheep were originally the major domestic grazer; now it is cattle.  The enabling legislation for the Monument 
allowed grazing to continue in the park until 1997.  Although grazing is no longer permitted, trespass cattle 
continue to find their way onto Monument property because 70% of the boundary remains unsurveyed and 
unfenced. 
 
Unpermitted Visitor Use 
The absence of a complete boundary fence perpetuates illegal activities within the Monument.  Activities 
include: trespass grazing, hunting/poaching, firewood cutting, archaeological site looting, vandalism, off-road-
vehicle use, and unauthorized entry and activities is closed or sensitive caves. 
 
Additional Concerns 
Additional concerns include 1) impact of non-native species on native species, 2) encroachments from in-
holdings and along outside boundaries, 3) effects of water diversion and ground water pumping on park 
surface and ground water, 4) erosion from natural processes and those associated with grazing and human 
use, and 5) increased visitor access. 
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EL MORRO NATIONAL MONUMENT 
Overview 
El Morro National Monument is located in western New Mexico about 95 km southeast of Gallup.  The 
Monument features a sandstone monolith, known as the Inscription Rock, which bears hundreds of 
inscriptions of Spanish explorers and early American immigrants and settlers.  The Monument also 
includes pre-Columbian petroglyphs and Pueblo Indian ruins.  The Monument was established in 1906 
(Presidential Proclamation 695, 34 Stat. 3264) and boundaries were subsequently changed, so that the 
Monument now consists of 421 hectares federal and 97 hectares of nonfederal lands. 
 
Although a number of prehistoric pueblo sites exist in the Monument, the two most significant are A'ts'ina 
(a Zuni word referring to "writing on rock") and the slightly smaller North Ruin.  Both are on top of El Morro 
rock.  Like most of the Monument's archeological sites, these were constructed in the 1200s and 
abandoned in the late 1300s -- a period that has had relatively little archeological investigation.  A'ts'ina is 
part of the Zuni Indian tradition and folklore, although archeologists differ in opinion as to whether or not 
the Zunis ever lived there.  The Monument contains approximately 141 prehistoric sites ranging from 
multi-room pueblos to fire hearths, chipping sites, and petroglyphs. 
 
General Setting and Resources 
Inscription Rock is a cuesta located in the El Morro Valley.  A cuesta is an asymmetric hill or ridge with a 
gentle slope on one side and an abrupt cliff on the other.  The Zuni Mountains form the northwest edge of 
the valley and the cinder cones of El Malpais National Monument form the eastern edge.  El Morro is 
transected by State Highway 53 that runs east–west through the El Morro Valley. 
 
Natural Resources 
El Morro lies within the Arizona-New Mexico Mountains Semi-Desert-Open Woodland-Coniferous Forest-
Alpine Meadow Province (Bailey et al. 1994).  Inscription Rock rises over 60 meters above the surrounding 
terrain.  At the base of the cliff, in a cove, is a natural catchment basin that served as a source of water for 
Indians and travelers in the vicinity. 
 
Vegetation and Flora 
Dominant vegetation consists of pinyon-juniper woodlands with lesser acreages of ponderosa pine-oak 
forests.  Current records indicate that 273 species of vascular plants occur at El Morro.  No state or 
federally listed plant species are found at El Morro. 
 
Fauna 
Current records indicate that 5 amphibian, 72 bird, 38 mammal, and 16 reptile species occur within the 
Monument.  Of these, two species are State-threatened.  The recently delisted peregrine falcon (Falco 
peregrinus) nests on the cliffs of the Monument.  Once extirpated from the Monument, the tiger 
salamander (Ambystoma tigrinum) has been successfully reintroduced. 
 
Water 
The Historic Pool, a small pool at the base of the cuesta, is filled by water runoff from the cliff face and is 
the only perennial water source in the Monument.  There are at least seven tinajas identified and mapped 
on top of the cuesta, but this may represent only a small number of the tinajas that can be found in the 
Monument.  Tinajas, meaning “earthen vat” or “bathtub”, are depressions in sandstone that hold water 
from rainfall.  Some appear to have been deepened by the Puebloans.  In addition to these standing 
water resources, there are several intermittently running stream channels within the Monument, totaling 
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about 3.7 kilometer in length.  A well at the depth of 63 meters on the northwest corner of the site provides 
all water presently required by the Monument. 
 
Air 
El Morro is designated as a Class II park under the Clean Air Act. 
 
Geology and Paleontology 
The predominant geologic feature at El Morro is the sandstone cuesta that stands over 61 meters above the 
surrounding terrain.  The face of the cuesta forms a box canyon.  The cuesta is formed of two types of 
sandstone – Zuni and Dakota formations.  The older Zuni formation occurred in the late Jurassic Period from 
sand dune deposits, while the Dakota sandstone formed from beach deposits in the early Cretaceous Period.   
 
Significant Resources 
Surface Water.  El Morro has a perennial and several ephemeral sources of water that attract local wildlife 
and support several species of wetland plants such as sedges (Carex spp.) and rushes (Juncus spp.)  
 
Healthy Pine Forests.  Pine forests of the El Morro Valley and surrounding mountains have been 
damaged by the ips or engraver beetle (Ips spp.).  To date, the pine forests within El Morro have not 
shown signs of infestation by ips beetles. 
 
Night Sky.  Another important feature of El Morro is its quality of night sky.  The remote character of the 
Monument limits the amount of light pollution during nighttime. 
 
Management Issues 
Residential/Commercial Development on Adjacent Land 
Establishment of small ranchettes and homesites around the Monument has been relatively steady for the 
past several years.  A gravel mine was established next to the highway near the northwest corner of the 
Monument.  These developments adversely impact the viewshed, increase noise level, and decrease air 
quality. 
 
Vehicular Traffic 
Vehicular traffic consisting of private and commercial vehicles, fixed-wing aircraft, and helicopters may be 
impacting natural resources indirectly by contributing to noise and air pollution and directly through 
proximity of Highway 53 to the sandstone cuesta and the perennial pool at its base.  Highway 53 passes 
within a few hundred yards of the cuesta.  Vibration from increased traffic flow may be the root cause for 
the apparent increase in rock fall from the cuesta face while the existence of a major road near the 
perennial pool is an obvious threat to wildlife that utilize that water source. 
 
Legacy of Fire Suppression/Grazing 
Historic practices of fire suppression and overgrazing may have contributed to the incursion of pinyon-
juniper woodland into the grassland community. 
 
Additional Concerns  
Other concerns include 1) impact of long-term drought on health of pine forests, 2) presence of exotic 
species, and 3) land management of Monument in-holdings. 
 
Literature Cited 
Bailey, R. G., P. E. Avers, T. King, and W. H. McNab, editors.  1994.  Ecoregions and subregions of the 
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GLEN CANYON NATIONAL RECREATION AREA 
Overview 
Glen Canyon covers 505,868 hectares in southern Utah and northern Arizona.  The recreation area was 
established in 1972 to provide for public outdoor recreation use and enjoyment of Lake Powell and 
adjacent lands, and to preserve and protect the scenic, scientific, and historic features contributing to 
public enjoyment of the area (Public Law 92-593, 86 Stat. 1311).  Lake Powell, the second largest man-
made lake in North America, provides both a unique opportunity to recreate in a natural environment and 
a transportation corridor to remote backcountry areas of Glen Canyon. 
 
Evidence of 10,000 years of human occupation and use of resources within Glen Canyon provides a 
continuing story of the prehistoric, historic, and present-day relationship between humans and their 
environment.  Over 2,300 archeological resources have been recorded with an intensive survey of only 
2% of the recreation area.  The region was occupied until the late A.D. 1200s, which coincides with the 
general abandonment of the northern Ancestral Pueblo areas.  Decreases in population in the 
canyonlands began slightly earlier than in areas further north.  Environmental changes or proto-historic 
use of the area by Navajo and other Indian groups may have caused these population shifts.  Other 
historic resources include historic structures, trails, and cultural landscapes of Spanish and American 
explorers and early pioneers.  There are four National Register listed properties within Glen Canyon.   
These are Lonely Dell Ranch National Historic District at Lees Ferry, Defiance House Ruin, Hole-In-The-
Rock, and the Davis Pictograph Panel. 
 
General Setting and Resources 
Glen Canyon extends over 322 kilometers from the Green River in southern Utah downstream to Lees 
Ferry in Arizona.  This is a desert region of bare rock and soil, arid shrublands, grasslands, and low-
growing pinyon-juniper woodlands with a diverse array of canyon, buttes, mesas, and other unique 
physiographic features carved by water and wind erosion.  The recreation area is bordered by 
Canyonlands National Park to the northeast; the Henry Mountains to the north; Grand Staircase – 
Escalante National Monument, Dixie National Forest, and Capitol Reef National Park to the northwest 
and west; Paria Canyon – Vermilion Cliffs Wilderness to the southwest; and the Navajo Nation to the 
south. 
 
Natural Resources 
Glen Canyon includes some of the most rugged and remote backcountry within the Colorado Plateau.  
The Recreation Area is bordered to the south by Rainbow Plateau and Monument Valley, to the west by 
Paria Plateau, to the north by Fiftymile Mountain and Henry Mountains, and to the east by the Red Rock 
Plateau.  Lake Powell comprises only 13% of the Recreation Area – the remainder consists of upland 
desert incised by deep canyons, dry washes, and steep cliffs with areas of clay or slickrock badlands.  
Much of the lake’s shoreline consists of steep slopes and cliff walls.  The biotic communities found at 
Glen Canyon intersect both the Colorado Plateau Semidesert and Intermountain Semidesert and Desert 
Provinces (Bailey et al. 1994).  The bench and upland areas support a wide variety of the Colorado 
Plateau plant communities ranging from the dominant cold desert shrub and shrub-steppe to cottonwood, 
willow, and tamarisk groves near flowing water, and juniper-pinyon woodlands at higher elevations.  Most 
of these communities are located in areas classified as “Natural Zone” and recommended as suitable for 
wilderness designation. 
 
Vegetation and Flora 
The flora of Glen Canyon contains about 785 plant species, of which 60 are exotic (Spence and 
Zimmerman 1996).  Vegetation is complex, especially in riparian zones and springs, with a total of 37 
vegetation types documented to date (Spence 1996, 1997, 1998).  The dominant species of the upland 
desert shrub-scrub community typically include the shrubs - shadscale (Atriplex confertifolia), blackbrush 
(Coleogyne ramosissima), Mormon tea (Ephedra viridis and E. cutleri) and sand sage (Artemisia filifolia).  
Lake Powell native shoreline vegetation consists of scattered seepwillows (Baccharis emoryi and B. 
salicifolia).  About 3% of the shoreline consists of stabilized dunes dominated by Vanclevea (Vanclevea 
stylosa), mint (Poliomentha incana), Mormon tea, and Indian ricegrass (Stipa hymenoides).  Although 
unstable water levels in the reservoir limit the distribution of submerged aquatic vegetation, species such 
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as leafy pondweed (Potamogeton foliosus) and horned pondweed (Zannichellia palustris) can be found in 
isolated locations where suitable conditions exist.  Wetland communities are uncommon to rare along 
perennial water sources throughout much of the recreation area.  Found in the deep, narrow canyons 
along the seeps in the canyon walls and in shaded plunge-basin riparian habitat, are small, specialized or 
relict wetland plant communities called hanging gardens.  Common plant species in these hanging 
gardens include maidenhair fern (Adiantum capillus-veneris), Eastwood monkey flower (Mimulus 
eastwoodiae), and small-flowered columbine (Aquilegia micrantha).  Relict Sonoran Desert populations of 
satintail grass (Imperata brevifolia) and California sawgrass (Cladium californicum) are found in some 
side canyons.  Other important relict plant communities include isolated stands of Douglas fir 
(Pseudotsuga menziesii) and relict mixed-deciduous woodlands.  Of the 785 vascular plants documented 
at Glen Canyon, 16 are federally listed or candidates species.  Endangered or threatened species include 
Brady pincushion cactus (Pediocactus bradyi), Jones cycladenia (Cycladenia jonesii) and Navajo sedge 
(Carex specuicola). 
 
Fauna 
Glen Canyon provides habitat for a diverse array of faunal species.  Because much of the shoreline is not 
vegetated, most wildlife species are found in the near shore to upland habitats.  Riparian associated 
species include shorebirds, waterfowl, wading birds, and recently, river otters (Lontra canadensis) have 
been observed.  Near-shore species include Arizona pocket mouse (Perognathus amplus), Glen Canyon 
chuckwalla (Sauromalus ater), and red-spotted toad (Bufo punctatus).  Upland species include large 
ungulates, mammalian predators, and raptors.  The Recreation Area currently supports an assemblage of 
fish species that includes those adapted to either lake or flowing-water environments.  Most lake-adapted 
species have been introduced intentionally or unintentionally by man through past fish-stocking or bait 
release programs.  Native fishes tend to be restricted to flowing portions of the main tributary streams and 
rivers that flow into the lake.  Glen Canyon supports populations of endangered or threatened species 
including two birds and four fishes.  U.S. Fish and Wildlife Service designate critical habitat within Glen 
Canyon for all four fish species.  Two bats, the spotted bat (Euderma maculatum) and Townsend’s big-
eared bat (Corynorhinus townsendii) both state species of concern, are found within Glen Canyon.  
Based on current records, faunal diversity consists of 7 amphibian, 311 bird, 64 mammal, 27 fish, and 27 
reptile species. 
 
Water 
The Bureau of Reclamation manages Glen Canyon Dam.  As the water level changes, the surface of 
Lake Powell varies in size from 21,000 hectares to 66,000 hectares and the shoreline fluctuates from 
1,590 kilometers to 3,150 kilometers in length.  The major perennial rivers that flow into Lake Powell are 
Dirty Devil Creek, Paria, Escalante and San Juan rivers.  The Colorado River flows for about 42 
kilometers as a river before it begins to widen and become Lake Powell.  In addition to the numerous 
streams, canyons and washes, approximately 600 springs have been mapped within the boundaries of 
the recreation area. 
 
Air 
Glen Canyon partially shares boundaries with three national parks, all of which are designated as Class I 
airsheds under the Clean Air Act.  Glen Canyon is designated a Class II airshed under this law.  The 
Recreation Area’s air quality is protected by its remote location with few developments or major sources 
of pollutants and by limiting increases (i.e., allowable increments) over baseline concentrations of 
pollution for sulfur dioxide, nitrogen oxides, and particulate matter. 
 
Geology and Paleontology 
The main geologic units within Glen Canyon are generally composed of the following: Mancos Shale, 
Dakota, Entrada, Navajo and Wingate sandstones, and the Carmel, Morrison, Moenave, Chinle, and 
Kayenta Formations.  These "units" are contained within the San Rafael or Glen Canyon Groups.  Glen 
Canyon was created by the carving action of the Colorado River and its tributaries through layers of the 
Colorado Plateau.  It consists primarily of Jurassic Sandstone that is 140 to 200 million years old.  Wind 
and water-deposited sands eventually consolidated into porous, loosely cemented sandstone.  Through 
the processes of uplifting and rapid erosion, today's surface formations have been carved into the unique 
shapes and forms seen today.  There are countless cliffs, spires, pinnacles, knobs, arches, and natural 
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bridges throughout the area.  Aeolian and alluvial deposits and packrat middens provide information for 
paleoenvironmental reconstruction and an understanding of climatic change.  The Recreation Area's 
quaternary resources, dinosaur trackways, megafaunal and paleofloral deposits are recognized 
internationally. 
 
Significant Resources 
Biotic Communities Associated with Water Resources.  The water resources at Glen Canyon support 
riparian, wetland, and spring habitats and associated fauna.  These habitats are important to wildlife as a 
forage resource and are scarce in the typically arid landscape of the Colorado Plateau.  Although exotic 
trees and shrubs have invaded much of the reservoir shoreline, pockets of native riparian species persist 
along the riverbanks of canyons.  These wooded riparian areas support a greater density, abundance, 
and species richness of songbirds relative to other lowland arid habitats at Glen Canyon.  In addition, 
wetlands associated with nine perennial tributaries and springs along Lake Powell contain more diversity 
and native species than riparian habitats along the lake shoreline (Waring 1992, Spence 1995a).  Small 
native wetland communities composed of annuals more characteristic of drier soils are located along 
springs that drain into many of the more protected coves and side canyons (Waring 1992).  Hanging 
gardens are associated with seep seams and alcoves along canyon walls of the river drainages where 
groundwater seeps and drips from rock walls through cracks, providing a dependable water supply.  This 
unique relict plant community is adapted to cool, wet conditions.  Amphibian species of this area are 
restricted to the protected and perennially wet or moist environments, such as springs and perennial 
streams that occur in the upper reaches of tributary canyons.  The perennial tributary rivers flowing into 
Lake Powell represent examples of the river systems and aquatic environments that existed prior to lake 
impoundment.  These areas are of particular scientific and resource preservation value because of their 
general scarcity and because they preserve populations and community relationships of previous riverine 
ecosystem conditions.  Relict native fish species still survive within the rivers in limited numbers.  Major 
examples include reaches of the Colorado, San Juan, Escalante, and Dirty Devil Rivers. 
 
Another highly significant community consists of relict patches of riparian-like woodlands associated with 
springs.  These include stands of Douglas fir at higher elevations, to mixed deciduous vine forests at 
lower elevations (Spence 1996).  Many unusual and relict plant species occur in these communities, 
including Oregon grape (Mahonia repens), big-tooth maple (Acer grandidentatum), dogwood (Cornus 
sericea), bog violte (Viola nephrophylla), American spikenard (Aralia racemosa), and smooth sumac 
(Rhus glabra). 
 
Sensitive Species.  In addition to the threatened and endangered species, Glen Canyon supports desert 
bighorn sheep and Glen Canyon chuckwallas.  The population of bighorn sheep is one of the last relict 
herds in Utah.  The most critical areas for the sheep include canyons branching off of the northeastern 
portion of Lake Powell.  These areas have been identified as possible lambing grounds.  Although the 
sheep may be found close to the lake shoreline during the winter, these bighorn sheep are generally not 
exposed to recreators because visitor use is typically at its lowest annual levels.  The Recreation Area 
also supports the Glen Canyon chuckwalla, a Utah State sensitive species.  This species is closely 
associated with the lake, and is predominantly found near cliffs, boulders, or rocky slopes, where they use 
rocks as basking sites and rock crevices for shelter (Utah Division of Wildlife Resources 2002).  There are 
also many state listed and sensitive plant species found in the NRA, including many unusual endemic 
species.  Rare and state sensitive species include New Mexico raspberry (Rubus neomexicanus), 
California sawgrass, Knowlton hop-hornbeam (Ostrya knowltonii), and satintail grass. 
 
Additional Resources.  Other important natural resources include 1) clean water, 2) night sky, 3) natural 
sound, 4) geologic features, and 5) paleoquaternary resources. 
 
Management Issues 
Grazing Impacts 
Glen Canyon includes all or part of 35 grazing allotments encompassing approximately 370,287 hectares.  
Lands within Glen Canyon were first used for livestock grazing 100 years prior to the establishment of the 
recreation area.  Grazing has continued up to the present time as a use recognized by Congress in the 
act of 1972 establishing the recreation area.  The rangelands of Glen Canyon occur in an arid to semi-
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arid climate.  Perennial grasslands are relatively rare in the Recreation Area, but provide much of the 
available forage for livestock.  Grazing can facilitate the invasion of exotic plants through direct transfer of 
seeds or through the elimination of native bunchgrasses from prolonged grazing.  Elimination of native 
grasses can also promote the spread of unpalatable shrubs although there are some exceptions, such as 
winterfat (Ceratoides lanata) and four-wing saltbush (Atriplex canescens), which are valuable browse 
species and tend to decrease under grazing pressure.  Although little research has been done on riparian 
zones on the Colorado Plateau, Barth and McCullough (1988) documented severe impacts in Capitol 
Reef National Park, including trampling and collapse of streambanks, erosion, declines in native species, 
elimination of seedlings, and increases in undesirable species.  Since cattle often concentrate in riparian 
zones because of water and shade, damage can be locally severe.  The principal problems include 
collapse of streambanks, reduction of vegetation cover, and reduction in water quality.  With the loss of 
banks and vegetation cover, floods can become more destructive, further damaging the riparian zone.  It 
appears that range conditions in parts of Glen Canyon are being degraded.  Although riparian zones are 
often heavily utilized, the most severe damage in these zones is often on adjacent benches where forage 
is available. 
 
Water and Air Quality 
The quality of water and/or air resources at Glen Canyon are being impacted by the use of watercraft on 
Lake Powell, internal and external land management practices, sedimentation, and commercial uses of 
neighboring lands.  Personal watercraft engines (especially the widely-used, carbureted, 2-cycle engines) 
discharge up to 30% of their gasoline and oil as uncombusted constituents into surface waters during 
operation water (California Environmental Protection Agency, Air Resources Board 1999).  Visible 
evidence of pollution, existing as “rainbow sheen” from floating gas and oil, can be seen near fueling 
stations and near launch sites.  Chemical constituents of these fuels are of particular concern because of 
the potential to affect or degrade water quality for fish and other aquatic life, agricultural water supply, 
livestock watering, drinking water, and recreation uses.  Other pollutants such as human waste and trash 
are introduced directly to the lake during recreation activities.  Livestock grazing, both within the 
Recreation Area and on upstream lands within the watershed, can impair the quality of water resources 
through the introduction of organic wastes and increased sediment loads resulting from the degradation 
of stream banks.  For example, the springs on the Kaiparowits Plateau have been severely damaged by 
livestock, in some cases with a nearly total elimination of riparian vegetation.  Human waste is a threat to 
recreation area resources because it can be a source of pathogenic bacteria and nutrients in the water. 
 
In addition to impacting water quality, personal watercraft engines discharge large amounts of air 
pollutants that can adversely affect air quality.  Campfires can sometimes be an important source of 
particulates within the Recreation Area, particularly in popular camping areas.  There are two point 
sources of substantial size close to the Recreation Area.  They include the Salt River Navajo Generating 
Station near Page, Arizona (Wahweap area) and the Nuclear Fuel Service Plant near the Bullfrog area in 
Utah. 
 
Exotic Species 
Currently 60 exotic species are known to occur or to have occurred historically in the Recreation Area.  Of 
these, 15 are considered species of serious concern.  Of these, five species may be uncontrollable due to 
their abundance or the difficulty of control (limited, priority, isolated populations will still be controlled).  An 
estimated 121,400 hectares may be infested.  During periods of prolonged low-water, fast-growing annual 
and perennial species may quickly invade exposed shoreline areas, temporarily increasing in number and 
extent of ground cover, and later disappear when reservoir water level rises during the next filling or water 
storage period.  These aggressive and fast-growing species are tolerant of such environmental 
disturbance and can typically recover within one or two growing seasons.  Saltcedar (Tamarix 
ramosissima) is one of the most common of these aggressive shrub species that forms bands along the 
shoreline of Lake Powell.  These bands range in density from thickets to isolated individual plants.  The 
exotic Najas marina is abundant, and spreading rapidly throughout the reservoir.  Other exotic species of 
concern include ravenna grass (Saccharum ravennae), Russian knapweed (Centaurea repens), Sahara 
Mustard (Brassica tournefortii), Whitetop (Cardaria draba), Perennial peppergrass (Lepidium latifolium), 
Russian olive (Elaeagnus angustifolia), camelthorn (Alhagi pseudalhagi), and Himalayan blackberry 
(Rubus discolor). 
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Sedimentation 
As the tributary rivers enter the reservoir, the energy needed to carry sediment is lost, causing the 
sediment load to be deposited.  As much as 98 percent of the sediment load is dropped within 40 
kilometers of the river mouth.  Only very fine clay particles are found near the dam.  An essential nutrient, 
phosphorus, adheres to soil particles and is deposited with the sediment on the upstream portions of the 
reservoir bed (Grand Canyon Monitoring and Research Center, Hueftle, pers. com. 1998).  The areas of 
the lake with the highest biological productivity are located close to tributary inflows. 
 
Additional Issues 
Other management issues include: 1) the impact of personal watercraft on the natural quiet and water 
quality, 2) the potential introduction of zebra mussels, 3) sedimentation and pollution from mills, 4) mine 
tailings, 5) development in upriver watersheds impacting water resources, 6) impacts of long-term 
drought, and 7) impact of global climate change. 
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GRAND CANYON NATIONAL PARK 
Overview 
Grand Canyon National Park, in northwestern Arizona, is the largest single protected area (493,050 
hectares) within the Colorado Plateau region.  Grand Canyon was set aside initially as a forest reserve in 
1893 (40 Stat. 1175).  In 1908, it was established as a national monument.  Administration was under the 
U.S. Forest Service until the establishment of Grand Canyon National Park in 1919.  The Grand Canyon 
National Park Enlargement Act, passed on January 3, 1975, enlarged the Park.  Grand Canyon was 
established to preserve and protect the natural and cultural resources, ecological processes, and scenic, 
aesthetic, and scientific values of an area considered to be one of the natural wonders of the world.  The 
Park was also designated to provide opportunities for visitors to experience and understand the 
environmental interrelationships, resources, and values of the Grand Canyon, without impairing the 
resources.  Grand Canyon is a World Heritage Site for the national and international significance of its 
geological and biological resources, natural ecosystem processes, cultural resources, scenic qualities, 
natural quiet and solitude, and recreational opportunities.  
 
At least 4,000 years of human occupation have resulted in a rich cultural history, which is still evident.  A 
recent finding suggests human use of the Canyon as much as 10,000 years ago.  A systematic survey of 
only two percent of the Grand Canyon lands documented 3,500 archeological sites.  Today, eight 
separate Indian Tribes have identified close cultural and sacred ties to the Grand Canyon, with some 
considering the Canyon to be their original homeland and place of origin.  The Park’s historic properties 
include 124 buildings listed as National Historic Landmarks, 336 properties listed on the National Register 
of Historic Places, 44 buildings and structures determined eligible for listing on the National Register, and 
884 buildings and structures on the List of Classified Structures.  In addition, the South Rim Historic 
Village is being nominated as a Historic Landmark thematic area. 
 
General Setting and Resources 
The Kaibab and Kanab plateaus comprise the north rim of the Canyon, and the Coconino Plateau forms 
the south rim.  The Shivwits and Unikaret plateaus comprise the western portion.  Grand Canyon is 
entirely surrounded by other Federal and Tribal lands.  The Park is bounded on the north by the Kaibab 
National Forest and the Arizona Strip District of the BLM; on the east by the Navajo Reservation; on the 
south by Kaibab National Forest and Hualapai and Havasupai reservations; and on the west by the upper 
reaches of Lake Mead National Recreation Area. 
 
Natural Resources 
The biotic communities found in the Grand Canyon are generally typified as those belonging to the 
Colorado Plateau Semidesert Province region (Bailey et al. 1994).  Grand Canyon’s biological diversity 
includes five of the seven life zones and three of the four deserts in North America; from river to rim one 
encounters the—Lower Sonoran, Upper Sonoran, Transition, Canadian, Hudsonian life zones—
equivalent to traveling from Mexico to Canada (Brown 1994, Mclaughlin 1989, 1992).  The Park serves as 
an ecological refuge, with relatively undisturbed remnants of dwindling ecosystems (such as boreal forest 
and desert riparian communities), and numerous rare, endemic or specially protected 
(threatened/endangered) plant and animal species.  The Park contains six Research Natural Areas 
totaling 3,580 hectares that provide opportunities for research in relatively pristine ecosystems.  The 
Kaibab Squirrel National Natural Landmark occurs partially within the Park, protecting the ponderosa pine 
habitat of the endemic Kaibab Squirrel (Sciurus aberti kaibabensis).  Remote caves preserve 
exceptionally important fossil records of extinct species and human habitation, providing a window into 
the mysteries of past cultural and ecosystem changes.  The Park and surrounding adjacent protected 
areas represent one of the largest regions of proposed wilderness, designated wilderness, and protected 
landscapes in North America. 
 
Vegetation and Flora 
Grand Canyon is the most biologically diverse park in the network and is only slightly smaller than Glen 
Canyon.  The Park contains 129 vegetation communities or formations: riparian woodland and scrub, 
desertscrub, grassland, woodland, and forest.  Sixty-three vegetation associations within these formations 
have been classified and mapped in the Grand Canyon (Warren et al. 1982).  
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A riparian community exists along the Colorado River and its perennial tributaries, characterized by exotic 
saltcedar, coyote willow, arrowweed, seep willow, western honey mesquite and catclaw acacia.  Hanging 
gardens, seeps and springs contain many rare and unique plant species.  Next to the river corridor is a 
desertscrub community composed of plant species with affinities to the four North American desert floras: 
Mohavean desertscrub typified by warm desert species such as creosote bush and white bursage; frost-
sensitive species more characteristic of the Sonoran Desert such as catclaw acacia and ocotillo; 
Chihuahuan species such as western honey mesquite and four-wing saltbush; and Great Basin Desert 
species such as big sagebrush and rubber rabbitbrush.  Grassland communities in Grand Canyon are 
rare consisting of montane meadows and upland subalpine grasslands on the north rim typified by many 
grass species and sedges, and semi-desert shrub-grasslands at Toroweap Valley and above the Grand 
Wash Cliffs characterized by big galleta, blue and black grama, Indian ricegrass, and three-awn.  Above 
the desertscrub and up to 6,200 feet is pinyon-juniper woodland.  Between elevations of 7,000 and 8,200 
feet on both the North and South rims is ponderosa pine forest.  Other forest types found on the North 
Rim are mixed conifer and spruce-fir forests, including aspen stands. 
 
Currently, the Park flora includes about 1,500 species (N. Brian pers. comm. based on Phillips et al. 
1987, Ayers et al. 1995, Brian et al. 1999).  Currently there is one Federally listed endangered plant in 
Grand Canyon: the sentry milk-vetch (Astragalus cremnophylax var. cremnophylax).  In addition, there 
are seven “species of concern,” formally termed Category 2 plants by the U.S. Fish and Wildlife Service 
under the Endangered Species Act (ESA).  Grand Canyon has over a dozen endemic plants known only 
from localities within the Park's boundaries.  An additional 23 regional endemics are known which have 
ranges crossing Park boundaries. 
 
Fauna 
The great diversity of ecosystems within Grand Canyon support a wide variety of vertebrate and 
invertebrate wildlife, including large and small mammals, migratory and resident birds, reptiles, 
amphibians, and invertebrates.  The current Park wildlife species database includes 315 birds, 88 
mammals, 50 reptiles, 8 amphibians, 21 fishes (including five native species), and thousands of aquatic 
and terrestrial invertebrate species.  Although 79% of the bird species can be found along the riparian 
corridors of the Colorado River, the coniferous forests on the rims support the majority of the nesting 
species and 60% of the mammal species.  Of the 34 mammal species found along the Colorado River 
corridor, 15 are rodents and eight are bats.  While bats typically roost and inhabit desert uplands, the 
insect abundance along the River and tributaries attracts foraging bats from throughout the inner canyon 
and conifer forests on both rims.  On the Kaibab Plateau small mammal species more typical of northern 
latitudes, including porcupines, shrews, red squirrels, and several bat species are found.  Amphibians are 
found primarily near the water resources in the Canyon.  Of the reptile species, 49 can be found in the 
desert scrub habitat with only the desert banded gecko being absent.  The highest abundance of Park 
invertebrates is found in the River corridor.  Invertebrates play a major role in food pyramids that link the 
aquatic and terrestrial systems, and also serve as the basis for the vertebrates in the Canyon. 
 
Numerous studies of wildlife have documented the presence of six federally listed species including 
humpback chub, razorback sucker, and Kanab ambersnail.  Kanab ambersnails, discovered in 1991 at 
Vaseys Paradise, are known to exist at only one other site in southern Utah.  To date, more than 30 
California condors (Gymnogyps californianus) have been reintroduced to the south rim of the Grand 
Canyon. 
 
Water 
Water resources within the Grand Canyon are substantial.  Besides the 445 kilometers of the Colorado 
River, an additional 181 kilometers of streams with perennial flows occur in the Park.  Numerous lakes 
and potholes also occur within the Park, as does one cienaga.  Springs and seeps throughout the canyon 
provide localized pockets of moisture essential to the survival of native plants and wildlife (including the 
endangered Kanab ambersnail).  The Colorado River and most of its tributaries in the Park meet the 
criteria for Wild River designation as part of the National Wild and Scenic Rivers System, though no such 
designation has occurred. 
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Most of the water flowing in the Colorado River through the Grand Canyon originates in the high mountain 
areas that rim the upper Colorado drainage basin.  The estimated runoff in the Colorado River at Lees 
Ferry, Arizona (the head of the Grand Canyon), has ranged from 5.6 to 24.0 million acre-feet per year.  
Ten-year averages ranged from 11.6 to 18.8 million acre-feet.  The significance of this variability is acute 
in modern River management.  A 25-year period (1906-1930) of predominantly above-average runoff was 
used to allocate water in the Colorado River to seven western states and Mexico (the 1922 Colorado 
River Compact and 1944 Mexican Water Treaty).  The following 40 years (1931-1970) had predominantly 
below-average runoff.  Current allocation accounts for nearly complete use of the Colorado River’s flow.  
Springs and tributaries entering the Colorado in Grand Canyon contribute about 0.5 million acre-feet of 
water to the River annually. 
 
Air 
The Grand Canyon’s air quality greatly impacts the clarity and color of the visual scene.  The Park enjoys 
some of the cleanest air left in the United States and has been designated a Class I area under the Clean 
Air Act. 
 
Geology and Paleontology 
The carving of the Grand Canyon by the Colorado River has taken place over the last six million years, 
exposing rocks at the bottom of the canyon that are close to two billion years old.  Three “Granite Gorges” 
expose crystalline rocks formed during the early-to-middle Proterozoic Era (late Precambrian).  Originally 
deposited as sediments and lava flows, these rocks were intensely metamorphosed about 1,750 million 
years ago.  Beginning about 1,200 million years ago (late Proterozoic), 13,000 feet of sediment and lava 
were deposited in coastal and shallow marine environments.  Mountain building about 725 million years 
ago lifted and tilted these rocks.  Subsequent erosion removed these tilted layers from most areas leaving 
only the wedge-shaped remnants seen in the eastern Canyon.  Rock layers formed during the Paleozoic 
Era are the most conspicuous in the Grand Canyon’s walls.  Coastal environments and several marine 
incursions from the west between 550 and 250 million years ago deposited sandstone, shale and 
limestone layers totaling 2,400 to 5,000 feet thick.  Erosion has removed most Mesozoic Era evidence 
from the Park, although small remnants can be found, particularly in the western Grand Canyon.  Nearby 
rock outcrops suggest 4,000 to 8,000 feet of sedimentary layers from the “Age of Dinosaurs” once 
covered the Grand Canyon area.  Cenozoic Era (the “Age of Mammals”) layers are limited to the western 
Grand Canyon and terraces near the River itself.  A few sedimentary deposits formed in lake beds, but 
the most spectacular recent deposits are the lava flows and cinder cones on the Shivwits and Uinkaret 
plateaus.  Volcanic activity began about six million years ago and has continued to within the last several 
thousand years.  The Grand Canyon itself is a late Cenozoic feature, characteristic of renewed erosion 
during this time. 
 
Hidden within the Grand Canyon are hundreds of caves.  Most are dissolved into the limestone of the 
Redwall and Muav formations, although caves occur in other formations.  Caves throughout the Park 
contain unique cave formations or “speleothems”; mummified remains of extinct Ice Age fauna; 
archeological remains (including split-twig figurines); and unique biological systems.  Many caves also 
play a major role in regional hydrology.  Substantial underground streams emerge from Vaseys Paradise, 
Cheyava Falls, and Roaring, Thunder, and Tapeats springs. 
 
Paleontological resources in Grand Canyon's sediments encompass a wide diversity of types and 
preservation.  The paleofauna and paleoflora include algal mats and bacterial spores over a billion years 
old, mummified dung and hair about 11,000 years old, and a multitude of additional body and trace fossils 
from the Paleozoic Era, 550- 250 million years ago.  Fossiliferous deposits occur within the marine and 
terrestrial sedimentary units exposed throughout the Canyon, and local associations of Pleistocene and 
Holocene remains are present within the Canyon's caves. 
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Significant Resources 
Colorado River Corridor.  The current assemblage of riparian habitat along the Colorado River corridor 
has developed since 1963 in response to controlled releases from Glen Canyon Dam, Patchily distributed 
riparian habitat along the main Colorado River channel and tributaries supports riparian-dependent 
wildlife.  Most animal species that inhabit the inner canyon depend on these riparian areas directly or 
indirectly for food and cover during at least part of their annual cycles.  The densities of some lizards and 
birds along the River have been found to be the highest recorded anywhere in the Park. 
 
Ecological Refuge.  Grand Canyon contains relatively undisturbed remnants of dwindling ecosystems 
such as boreal forest and desert riparian communities.  The existence of these provides a refuge for 
dependent species including several threatened or endangered species.  Numerous rare, endemic or 
specially protected flora and fauna are found at Grand Canyon.  Early establishment of the Canyon as a 
reserve combined with the ruggedness of the area may have protected commercially useful habitats from 
human exploitation and generally buffered species from human disturbance.  Tracts of old-growth 
ponderosa pine forests on the North rim support avian populations that depend on large trees and snags 
and their associated flora for nesting and foraging habitat.  Among these species are the Mexican spotted 
owl (federally listed as threatened) and northern goshawk (a state species of concern).  Old-growth 
pinyon-juniper forests are also found within the Park’s boundaries.  Within the Canyon, the Kanab 
ambersnail is found at a single spring along the Colorado River called Vasey's Paradise.  The only other 
known location of this mollusk is near Kanab, Utah.  Other rare habitats/species include hanging gardens, 
the endangered sentry milk-vetch, two endangered river fish, leopard frogs, and a re-established 
population of California condors. 
 
Air Quality.  The high quality of Grand Canyon’s air resources contributes to positive visitor experience 
through the availability of scenic vistas.  In addition, the relative cleanliness of the air does not impair 
pollution-sensitive flora such as aspen and lichen, although this may be changing due to increases in 
ozone. 
 
Additional Resources.  Other significant natural resources include 1) 92% of the Park is managed for 
wilderness values, 2) biological diversity, 3) diversity of geologic features, 4) paleontological resources, 
and 5) natural quiet. 
 
Management Issues 
Invasive Exotic Species 
At least 169 exotic plant species have invaded the Park.  Extensive infestations of tamarisk comprise 
most of the vegetative cover along the Colorado River corridor and dominate much of the length of the 
many side canyons (U.S. Department of the Interior, National Park Service 2002).  Although vegetation 
communities are still largely natural beyond riparian areas, exotic plant species may pose the gravest 
long-term threat to most of the plant and animal communities of Grand Canyon National Park. 
 
Anthropogenic Impacts on Colorado River Corridor 
Completion of Glen Canyon Dam in 1963 greatly moderated downstream flows in the Colorado River.  
The frequency and magnitude of river flooding was sharply reduced, seasonal flow patterns altered 
(reduced in spring and summer, increased in fall and winter), suspended sediment nearly eliminated 
(except for downstream tributary inputs), seasonally-variable water temperatures stabilized (to an average 
7.8oC at the dam and 12.8-15.6oC at Diamond Creek), and the natural migratory routes of fish were 
blocked.  Resultant changes to downstream ecosystems have been enormous.  
 
In the near absence of annual flooding that scoured the river’s banks as well as the more stable flows 
among years, riparian vegetation has increased greatly, including native marsh plants and the exotic 
tamarisk (Dawdy 1991).  With the reduced frequency and magnitude of flooding, and the loss of sediment 
trapped in Lake Powell, beach building processes have greatly diminished, and erosion of archaeological 
sites and camping beaches has accelerated.  Sediment deposition form river bars and eddies that provide 
important habitat for fish.   
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Of eight species of native fish present when Glen Canyon Dam was constructed, three species (roundtail 
chub, endangered Colorado pikeminnow, and bonytail chub) have been extirpated.  Two species 
(razorback sucker and humpback chub) are listed as endangered.  Three other native species, the 
bluehead sucker, flannelmouth sucker, and speckled dace, remain relatively common.  The introduction 
of non-native fish contributed to competition and direct mortality.  At least 16 species of non-native fish 
can now be found in the Grand Canyon stretch of the Colorado.  This number may increase, as fish 
stocked in lakes Mead and Powell could move into the Canyon.  Another impact of recreational fishing in 
the Grand Canyon is the accidental catch of endangered native species.  This is of particular concern 
outside the no-fishing zone (within one-half mile of the Little Colorado River confluence) since the 
remaining humpback chub population exists ten miles above and below the Little Colorado confluence. 
 
Direct use of the Colorado River for recreational purposes also may adversely impact the resources of the 
river corridor.  Over 800 river trips launch each year from Lees Ferry.  River trip length ranges between 
five days to three weeks.  Visitors on these trips utilize the water and limited beach resources of the 
Canyon.  Crowding and congestion at popular sites (geologic features, side canyons, archaeological and 
historical sites, caves, waterfalls, and unusual vegetation) leaves multiple trails, tramples vegetation, and 
compacts soils.  Visitors that do not adhere to river use requirements leave trash, charcoal, and human 
waste, and may damage prehistoric and historic sites near the river.  The potential for water to be 
contaminated with human feces has made outbreaks of the Norwalk-like virus, or norovirus a health 
concern. 
 
Potential for Catastrophic Fire 
The past century of fire suppression in the conifer forests of the Grand Canyon region has transformed 
the forests from having an open understory with little fuel ladder material to a dense understory of many 
young trees that function as fire ladders and fire-intolerant species.  Pole-sized (10–30 cm diameter at 
breast height, dbh) conifers not counting pinyon pine and juniper increased from an estimated 15-25/acre 
before Euro-American influences to measurements of 43 trees/acre in 1935 and 67 trees/acre in recent 
plots, and ponderosa seedling or saplings increased from 29% in 1935 to 62% in recent plots (Crocker-
Bedford et al. 2003).  Dangerously high fuel loads have accumulated because of understory vegetation, 
dead fall, and crowding (Nichols et al. 1994).  The potential for catastrophic stand-replacing fires is 
extremely high.  
 
Changes in the Function of the Forested Ecosystem 
The massive increase in small trees has greatly reduced herbaceous plants and shrubs beneath the 
forest canopy, as well as the animals that depended on them.  Trees ≥ 24.0 inches dbh in Ponderosa 
Pine ecosystem have decreased from 14.5 trees/acre in 1935 to 7.5 trees/acre in recent times (Crocker-
Bedford et al. 2003).  The loss of big trees is believed by park staff to be primarily due to competition from 
these large increases in small trees, as well as thicker duff on the forest floor.  The dense small trees 
have also adversely affected the ability of some species to effectively hunt (e.g. goshawks and spotted 
owls). 
 
Water Wells 
Water extraction from the aquifers beneath the Coconino Plateau is increasing rapidly.  The extraction 
may have already affected the flow of some springs south of the Colorado River.  Given enough new 
wells, the springs will almost certainly be affected.  Springs are critical for many endemic plants and many 
of the wildlife species of the Park.  
 
Deterioration of Air Quality 
The clean air at Grand Canyon is a fragile resource, and although the air quality is generally good, it is 
increasingly threatened by human sources.  There are regional as well as local sources that influence the 
air quality within the Park.  These sources include metropolitan areas in Arizona, Nevada, and California, 
and also development in northern Mexico.  Sulfates from fossil fuel combustion, smelters, and urban 
areas account for over 60% of the visibility reduction at Grand Canyon.  Fugitive dust, smoke from wild 
and prescribed fires, and natural organics also contribute to haze, but to a lesser extent.  Ozone 
concentrations have been measured to be as high as 84 parts per billion locally, well below NAIADSt's 
standards, yet above the threshold of damage to sensitive plants.  The net effect is a measurable impact 
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on visibility that is important to visitors viewing the Canyon from the rim and potential damage to pollution 
sensitive plants. 
 
Aircraft Overflights 
The National Parks Overflights Act of 1987 tasked the National Park Service and Federal Aviation 
Administration with developing a plan for tour aircraft use of Grand Canyon airspace that would limit 
audible aircraft noise to less than 25% of the day in 50% or more of the Park (Public Law 100-91, 18 
August 1987).  Low-elevation overflights for sightseeing and other purposes adversely impact the natural 
soundscape of most of the Park 
 
Additional Concerns 
Grand Canyon also is being impacted by 1) management of adjacent public lands for cattle and timber 
that may contribute to the influx of exotic species and have changed the character of forested ecosystems 
at the geographic scale, 2) infrastructure construction in the limited part of the Park where development is 
permitted, 3) global warming, 4) hidden visitor impacts in remote areas including caves, 5) legacy of 
historic grazing, and 6) continued incursion of exotic plant species. 
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HUBBELL TRADING POST NATIONAL HISTORIC SITE 
Overview 
Hubbell Trading Post National Historic Site is located on the Navajo Nation in northeastern Arizona.  The 
Site was designated a National Historic Landmark in 1960 and became a National Historic Site in 1965 
(Public Law 89-148).  Encompassing 65 hectares, the National Historic Site is located about one mile 
west of the community of Ganado, Arizona. 
 
Among the many reasons for the original citing of Hubbell Trading Post is its crossroads location on the 
significant waterway, the Pueblo Colorado Wash.  The presence of this natural resource makes this a 
uniquely beautiful valley in this semi-arid landscape.  Later, John Lorenzo Hubbell constructed an 
irrigation system fed by the Wash to provide water for the extensive agricultural operation of the 1930's.  
Over the years, the Wash has been diverted for irrigation, manipulated for flood control, and impacted by 
grazing animals.  Since 1997, the park has undertaken major restoration enhancement efforts to the 
stream channel and the riparian environment of the Pueblo Colorado Wash within the park.  As the oldest 
continuously operating trading post on the Navajo Nation, Hubbell Trading Post offers the visitor a chance 
to experience this slice of history.  John Lorenzo Hubbell purchased the trading post in 1878, and the 
Hubbell family operated the post until it was sold to the National Park Service in 1967.  The trading post is 
still active and operated by a non-profit organization that maintains the trading traditions the Hubbell 
family established.  The site consists of the original 65 hectare homestead, the trading post, family home, 
and visitor center as the primary attractions. 
 
General Setting and Resources 
Hubbell Trading Post is located in the relatively lush landscape of Ganado Valley at the base of Defiance 
Plateau.  Low level sandstone buttes and mesas surround the site, which sits primarily on an upland 
terrace adjacent to the Pueblo Colorado Wash (NPS 1980).  Hubbell Hill forms the northwest viewshed, 
and Beautiful Valley is a distinct spot between Hubbell and Canyon de Chelly.  The Pueblo Colorado 
Wash flows through the northern portion of the Historic Site.   
 
Natural Resources 
Biotic communities at Hubbell Trading Post belong to the Colorado Plateau Semi-Desert Province (Bailey 
et al. 1994). 
 
Vegetation and Flora 
The vegetation present at Hubbell Trading Post National Historic Site is classified as ‘Great Basin 
Microphyll Desert’, which includes natural vegetation communities such as pinon-juniper, greasewood-
fourwing, saltbush, sage brush, and rabbit brush (National Park Service 1998).  Some semi-riparian 
vegetation is found along the Pueblo Colorado Wash.  Based on current records, 159 species of vascular 
plants occur at the Site.  According to the State of Arizona Game and Fish Department, one of these is a 
salvage-restricted species of cactus, the Glen Canyon cactus (Sclerocactus parviflorus).  Arizona Game 
and Fish says that this cactus could be located in this region, but it has not been identified at Hubbell. 
 
Fauna 
According to current records, faunal composition within Hubbell may include 2 amphibians, 86 birds, 5 
fishes, 4 mammals, and 4 reptile species. 
 
Water 
Surface water consists of an intermittent drainage, the Pueblo Colorado Wash, which cuts through the 
north side of the property for 925 meters.  Historic unused irrigation ditches and stone headgates are 
landscape features of the abandoned agricultural fields but they no longer contain water, nor serve as 
irrigation canals.  Several springs have been documented at the eastern end of the Wash as it enters 
park boundaries. 
 
Air 
Under the Clean Air Act, Hubbell is designated as a Class II airshed. 
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Geology and Paleontology 
No information to date. 
 
Significant Resources 
Riparian Corridor.  The Pueblo Colorado Wash that runs through a portion of the Historic Site provides a 
source of water for wildlife and relatively lush riparian habitat. 
 
Management Issues 
Continuing Maintenance of Enhanced Pueblo Colorado Wash Corridor 
Exotic species along the Pueblo Colorado Wash, especially tamarisk (Tamarix spp.) and Russian olive 
(Elaeagnus angustifolia), have been almost completely removed from within the park environment.  
Monitoring and treatment of resprouts of these exotics should continue in order to maintain the 
improvements to the riparian area.  Meanders have been reintroduced to the stream channel slowing 
down the water flow, building floodplains, and increasing the flood capacity of the channel.  Instream 
vegetation has returned due to the exclusion of cattle.  Monitoring to maintain the restored health of the 
stream channel will be a continued management responsibility.   
 
Restoration of Cottonwood Trees along Southwestern Floodplain of Wash 
Much of the National Historic Site has been overgrazed in the past, resulting in problems with erosion.  
Over the years, erosion control measures have been taken, but with the dry, loose nature of the soils in 
addition to periodic flooding events, erosion along the Pueblo Colorado Wash continues to be problem.  
To reproduce the historic character of the park as an "oasis" in this rural valley landscape and to help 
reduce the bank erosion in this area, cottonwood trees will be re-established using treated effluent from a 
nearby sewage lagoon. 
 
Restoration of Agriculture to the Hubbell Cultural Landscape 
Agriculture has been a major mainstay of the Hubbell freighting and trading operation.  The fields have 
been uncultivated since the mid 1950's when the original earthen dam upstream fell into disrepair 
preventing water delivery.  The Bureau of Reclamation has rehabilitated the irrigation system with a piped 
system to deliver water once again to the Hubbell farm fields, as well as other farm fields of the Ganado 
community.  This restoration project can enrich the interpretive program of the park and provide a 
demonstration area for innovative agricultural practices in the community. 
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MESA VERDE NATIONAL PARK 
Overview 
Mesa Verde National Park is located in southwestern Colorado and was established in 1906 to protect 
nationally significant archeological sites that Ancestral Puebloan peoples constructed on the area's mesa 
tops and canyon cliffs (34 Stat. 616).  Over the years, Congress applied several amendments to the 
Park’s enabling legislation to expand the Park’s boundary and exclude incompatible uses.  A 1928 
amendment to Mesa Verde's enabling legislation enhanced the Park's purpose to include the preservation 
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of the forests, wildlife, and other natural features and values.  A 1976 Act further established 3,441 
hectares of wilderness in Mesa Verde and expanded the purpose of the Park to include management and 
protection of the three wilderness units.  The Park now encompasses over 21,000 hectares in 
southwestern Colorado approximately 10 miles southeast of the City of Cortez.  Mesa Verde's 
significance and worldwide value is recognized by its selection as a World Cultural Heritage site. 
 
The initial significance of Mesa Verde was derived primarily from the number and exceptional state of 
preservation of the archeological sites found within it.  Well over 4,000 sites of activities of the prehistoric 
people known as the Mesa Verde Branch of the Anasazi Cultural Tradition are recorded in the Park.  
These people are now referred to as the Ancestral Puebloans.  The sites include nearly 600 cliff-side 
locations of the towns, villages, and storage areas built by Ancestral Puebloans during their occupation of 
the area, a period spanning from at least 400 A.D. to about 1300 A.D.  Recent discoveries have 
documented an even earlier occupation of the present Park lands by nomadic hunting people of the 
Middle Archaic stage, dating probably to around 1,500 B.C.  Prehistoric human occupation of this area 
would not have been possible without the diversity of natural resources that were available around Mesa 
Verde. 
 
General Setting and Resources 
The large, distinct cuesta that is called Mesa Verde is incised by many deep, long canyons separating 
numerous narrow parallel mesas.  Mesa Verde is an erosional remnant rising 500 to 650 meters above 
the Dolores Plateau.  The Mesa Verde itself ranges from about 2,000 to 2,800 m and includes about 
3,000 square km of the San Juan Basin.  Its northern escarpments face Montezuma Valley to the 
northwest and to the Mancos Valley to the northeast.  Toward the south, the Park encompasses a series 
of north-south trending mesas and steep-walled canyons that extend well into the Ute Mountain Ute 
Indian Reservation and then gradually drop in elevation.  The Mancos River flows year around along the 
Park’s eastern boundary.  The mesas and canyons of Mesa Verde extend to the west, well beyond the 
Park.  The Park is bordered to the south and west by the Ute Reservation with a mix of BLM, private, and 
state land to the north and east.  The wilderness zones are located along the steep escarpments in the 
northern and eastern parts of the Park. 
 
Natural Resources 
Ecologically, Mesa Verde forms a transitional link between the arid regions to the south and the 
temperate and alpine zones of the Rocky Mountains.  A wide variety of the biotic communities associated 
with the Colorado Semidesert Province can be found in Mesa Verde in several distinct vegetation zones 
(Bailey et al. 1994).  Habitats range from the cool waters of the Mancos River to hot, dry sandstone cliffs; 
from small spring-fed pools to large tracts of old growth pinyon-juniper forest; and from snowy coniferous 
woods to sagebrush- covered canyon bottoms.  These habitats support a great diversity of wildlife 
including resident and migratory mammals, birds, reptiles, amphibians, fishes, and invertebrates.  Mesa 
Verde is somewhat unique in the region because grazing has been excluded from the Park boundaries 
for 60 yrs.  Because of its protected status, many plant and animal species that have disappeared or 
become very rare in the region still exist at Mesa Verde.  Many species of rare and endemic plants 
survive on protected parklands.   
 
Vegetation and Flora 
Mesa Verde is located within the Upper Sonoran/Sierra Madrean Complex and is typical of the arid 
plateau regions of the Southwestern U.S. Semi-arid climate, moderately high altitude, and pinyon (Pinus 
edulis)/juniper (Juniperus osteosperma) forests characterize this zone.  Other major vegetation types are 
chaparral dominated by Gambel oak (Quercus gambelii) and serviceberry (Amelanchier alnifolia), 
comprising almost half of the Park's vegetation.  Large tracts of these major communities currently exist in 
various stages of post-fire succession ranging from old-growth to areas recently converted to the earliest 
seral stages of recovery after stand replacement.  Secondary communities making up small parts of the 
Park include stands of Douglas-fir (Pseudotsuga menzeisii)/ ponderosa pine (Pinus ponderosa) 
woodlands, upland sagebrush (Artemisia tridentata) communities, montane meadows with western 
wheatgrass (Pascopyrum smithii), blue grama (Bouteloua gracilis), needle and thread grass (Stipa 
comata), and mutton grass (Poa fendeleriana), and wetlands associated with the Mancos River, deep 
canyon bottoms, springs, and other watered sites.  There is an estimated 200 hectares of wetland and 
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riparian habitat in at least 23 locations within the Park.  Other important but poorly understood vegetative 
resources include ferns, cryptogammic soil crusts, crustose rock lichens, foliose lichens, bryophytes, 
fungi, and other non-vascular plant formations.  Approximately 627 native vascular plant species have 
been identified in the Park plus another 87 that are not native to Mesa Verde.  Although several plant 
species in the Park are considered imperiled globally or within the state, none so far are listed as 
threatened or endangered. 
 
Fauna 
As with the flora of Mesa Verde, the Park’s faunal composition reflects a combination of species 
associated with the semi-arid Southwest and with temperate montane forests.  According to current 
records, faunal composition within Mesa Verde includes 5 amphibians, 200 birds, 5 fishes, 74 mammals, 
16 reptiles, and several hundred identified invertebrate species.  Of these, four species are federally or 
state listed including some nesting Mexican spotted owls.  The Park also supports several recognized 
special concern species that are not formally listed as endangered or threatened.  The stretch of the 
Mancos River in and around Mesa Verde National Park is the only Colorado riverway populated with only 
native fish species and no established exotic fish species.  Similarly, there are no non-native amphibian or 
reptile species at Mesa Verde.   
 
Water 
Approximately 285 surface water sites have been identified in the Park including cliff base springs, 
drainage springs, potholes, historic wells, the Mancos River, and a few modern man-made sources.  The 
only permanent stream in the area is the Mancos River, which flows for 7.5 km along the east edge of the 
Park and south edge of the cuesta.  The river is the only natural water source that originates outside the 
Park.  Ephemeral drainage corridors run through the many canyons, totaling about 160 km in length, but 
water typically flows through these canyons for 0.8 km or less.  During dry periods only pools may persist, 
and entire water sites rarely dry up completely for several months in mid-summer.  Flashfloods 3 meters 
deep or more may inundate these same canyon bottoms after strong summer thunderstorms. 
 
Air 
Under the Clean Air Act, Mesa Verde is designated as a Class I airshed, the most important and 
protected designation under this federal law.  Because of its remote location and dry climate, the dark 
night skies make Mesa Verde a great location for viewing stars and planets 
 
Geology and Paleontology 
Mesa Verde is a high, southward-sloping tableland that drops off precipitously in all directions and is 
composed of mainly Cretaceous rocks.  The cuesta is incised with deep vertical-walled canyons that span 
the Menefee Formation, the Point Lookout Sandstone, and the Mancos Shale.  In some places where 
erosion has been moderate, Cliff House Sandstone derived from marine origin caps the Menefee 
Formation.  The Mesa Verde Group dates from the late Cretaceous Period, and is comprised of the 120 
meter thick Cliff House sandstone, the 100-250 meter thick Menefee Formation (deposited in a floodplain 
or coastal swamp environment), and the 120 meter thick Point Lookout Sandstone (marine deposit).  The 
massive, soft, dark Mancos Shale is exposed along the North Escarpment of the Mesa; this formation 
was deposited in Cretaceous seas, and is characteristically barren of vegetation (Chronic 1988).  An 
extensive and diverse assemblage of fossils has been found in the shale and sandstone layers of the 
Park including some unique specimens found nowhere else. 
 
Significant Resources 
Unfragmented Landscape of Upper Sonoran/Sierra Madrean Habitat.  Mesa Verde is the largest natural 
reserve of the Upper Sonoran/Sierra Madrean Complex left in the world and is buffered by lands left largely 
undeveloped by the BLM and the Ute Mountain Ute Tribe.  A large portion of this life zone's original area has 
been severely altered by human related activities.  Within the Park, 3,441 hectares are protected as wildness 
with an additional 17,361 hectares of backcountry that is closed to public access.  Eight major habitat types 
have been identified within the Park borders and include several late successional stages that are important 
to species such as the black-throated gray warbler, juniper titmouse, and gray flycatcher (each of which 
are old-growth pinyon-juniper nesting species). 
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High Species Diversity.  The high biotic diversity at Mesa Verde may be attributable to a combination of 
factors including its protected status, the relatively intact landscape and wildlife movement corridors including 
surrounding lands, and its location at the transition zone between arid and more mesic habitats.  As stated 
earlier, the Mancos River in and around Mesa Verde contains only native fish species. Rare and endemic 
species, such as the Mesa Verde tiger beetle and Mesa Verde aletes, contribute to the overall high diversity 
within the Park. 
 
Sensitive Species.  Mesa Verde provides habitat for three federally listed species, eight state-listed species, 
and many other species of concern at the state and federal level.  Among these are several bat species that 
occur in the Park.  The Park's rarest plant is the wild hollyhock (Iliamna grandiflora).  Of greatest concern at 
this time to Mesa Verde is the Cliff Palace milkvetch (Astragalus deterior), that is endemic to the Park, found 
nowhere else on earth.  There are less than a hundred small, restricted populations, totaling an estimated 
12,000 plants.  What makes this species so precarious is its restriction to sandy soils in small pockets and its 
occurrence only on a particular type of beach-deposited sandstone.  The other factor is that some of these 
locations are adjacent to entrances to visited cliff dwellings, scenic overlooks, and foot trails and each year 
the human impacts take a toll on the populations.  
 
Air Quality.  A key feature of Mesa Verde’s scenery is its clear skies.  Although no longer pristine, Mesa 
Verde still enjoys some of the cleanest air in the contiguous 48 states and is designated as a Class I 
airshed. 
 
Additional Resources.  Other important natural resources include 1) the Park Mesa Research Natural Area, 
2) Park designation as a “Colorado Important Bird Area,” 3) natural hydrological function of the Mancos River, 
which maintains a self-sustaining riparian forest of willow and cottonwood, and 4) living specimens of ancient 
trees that offer many centuries of dendrochronological information. 
 
Management Issues 
Project-Focused Park Management 
A comprehensive and proactive approach to natural resource management and inclusive Park 
management has been precluded by the lack of adequate natural resource staffing at Mesa Verde.  
Previous Park management practices for such things as wildland fire management, road maintenance, 
and other major infrastructure development often neglected to consider natural resources in the initial 
planning processes.  Currently, the natural resource program cannot properly monitor or mitigate the 
planned impacts to Park resources or effectively react to resource emergencies such as stand replacing 
wildfires and subsequent invasions by noxious weeds. 
 
Adjacent Land Uses 
Although largely undeveloped lands buffer much of the Park, the expanding real estate industry is rapidly 
filling the rural lands north of the Park, changing the character of the northern viewshed and altering the 
natural migration patterns of wildlife populations that previously moved more freely into and out of the 
Park.  Rapidly expanding power generation and transport and oil and gas development cause serious 
local and regional impacts to the ecosystem. 
 
Water Quality and Quantity 
Agricultural development adversely impacts hydrology and water quality of the Mancos River drainage by 
storing and diverting water for irrigation and through the use of pesticides and fertilizers that enter the 
water system.  Other sources of water contamination come from high post-fire levels of siltation and ash 
flow; nitrates, selenium, and other pollutants from upstream mine waste and urban sources; and inputs of 
nutrients, algaecide, cleansers, and other chemicals within the Park.  Water quality in the Mesa Verde 
area appears to be impacted by anthropogenic sources of contaminants including industrial and municipal 
wastewater discharges, stormwater runoff, gravel pit operations, recreational use, and atmospheric 
deposition of acids, mercury, and other pollutants (National Park Service 2000).  Furthermore, the Park 
does not have water rights senior enough to ensure perpetual in-stream flows for the Mancos River. 
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Exotic and Non-native Species 
In Mesa Verde National Park, 87 non-native plants have been identified including Canada thistle (Cirsium 
arvense), spreading pepperweed (Lepidium spp.) cheatgrass (Bromus tectorum), and three kinds of 
knapweed (Centaurea spp.).  The Park also has some non-native mammalian and avian species 
(raccoons, horses, cattle, cats, rock doves, European starlings, and house sparrows).  Many of these 
species have been introduced through agricultural activities on adjacent or upstream lands and 
management actions and visitor activities within the Park. 
 
Additional Concerns 
Mesa Verde also is being impacted by 1) increases in acidic rainfall and snowpack, ozone, and 
particulates from fossil fuel production and combustion, which directly injures the Park's soils, waters, and 
the biota, 2) rapid landscape level conversion of rare old-growth communities into early successional 
stages that may be self-sustained by weeds, climate change, and altered disturbance regimes, 3) exotic 
diseases such as sylvatic plague, chronic wasting disease, and West Nile virus that alter species 
composition in the Park's natural communities, 4) the extirpation of many Park species with several others 
so rare that they are at risk, which leaves some ecological niches vacant and vulnerable, and 5) 
increased visitor usage and infrastructure development that impacts the Park’s resources including direct 
impacts to biotic communities, natural quiet, viewsheds, natural night darkness, cultural landscapes, and 
archeological sites. 
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NAVAJO NATIONAL MONUMENT 
Overview 
Navajo National Monument is located in north central Arizona within the Navajo Nation.  The closest 
town, Kayenta, is about 38 kilometers to the east on U.S. Highway 160.  In 1909, President William H. 
Taft set aside Navajo National Monument (Proclamation No. 873, 36 Stat. 2491) as an area situated on 
the Navajo Indian Reservation in Arizona encompassing about 160 square miles.  The Monument was 
established for the primary purpose of preserving some of the largest, most intact Anasazi structures in 
the southwestern United States.  Just a few years later, President Taft reduced the size of Navajo 
National Monument (Proclamation No. 1186, 37 Stat. 1733, 1912) from 160 square miles to three 
separate units surrounded by Navajo Nation lands: Betatakin—65 hectares, Keet Seel—65 hectares, and 
Inscription House—16 hectares.  The park headquarters are on 97 hectares of Navajo Nation Land used 
by National Park Service under a Memorandum of Understanding. 
 
The Monument features cliff dwellings and associated artifacts from the Tsegi Phase.  These represent 
specific short-term (1250-1300 A.D.) adaptations of the Kayenta Anasazi people from their agricultural life 
in open valleys into the canyon environment.  Cultural resources include the villages of Betatakin, 
Inscription House, and Keet Seel, which represent some of the best-preserved examples of Anasazi 
communities, as well as the lesser known pre-contact structures of Turkey Cave, Snake House, Owl 
House, and Kiva Cave.  The Monument also has various examples of petroglyphs and pictographs; a 
multitude of small, open pre-contact sites that reflect seasonal occupation and use; and a variety of 
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Navajo sites related to domestic, ceremonial, and livestock management activities.  The cultural and 
natural resources of Navajo National Monument are central to the spiritual beliefs of Hopi, Navajo, San 
Juan Paiute, and Zuni Tribes. 
 
General Setting and Resources 
Navajo is on a portion of the Colorado Plateau where uplift and erosion have carved deeply incised 
canyons into layers of sandstone.  Sandstone and shale compose most of the geological bedrock at the 
Monument.  Betatakin Canyon runs off the eastern flanks of the Shonto Plateau and is a tributary to Tsegi 
Canyon from the west.  Keet Seel Canyon dissects Skeleton Mesa from north to south and is also a 
tributary to Tsegi Canyon, from the north.  Inscription House sits against an unnamed mesa and is 
flanked by Toenleshushe Canyon to the north, Nitsin Canyon to the south and Navajo Creek to the west.  
All of these are drainages off the western flanks of the Shonto Plateau. 
 
Natural Resources 
This Monument is characterized as belonging to the Colorado Plateau Semi-Desert Province (Bailey et al. 
1994).  Ponderosa pine (Pinus ponderosa), mixed conifer, and subalpine forests are found.  Plateau 
habitat consists of pinyon-juniper woodlands.  Canyon slopes and walls support firs, pinyon-juniper-oak, 
and other vegetation on wall overhangs.  Lowland habitats consist of desert shrubland (Atriplex spp. and 
Artemesia spp.) and grasslands.  Riparian communities of the canyon bottoms consist of aspen remnants 
(Populus tremuloides), fir, and oak. 
 
Vegetation and Flora 
The three units at Navajo support a diverse array of vegetation communities associated with elevational 
variation and mesic canyons.  The Betatakin unit protects a relict aspen/fir forest community.  Scattered 
throughout the Monument are areas of unusual habitats such as microbiotic soil crusts and hanging 
gardens (lush natural plant communities associated with alcoves and seeps).  Over 300 species of 
vascular plants are found at Navajo.  
 
Fauna 
According to current records, Navajo may support 4 amphibian, 146 bird, 53 mammal, and 9 reptile 
species.  Of the 8 species of bat found at the Monument, five are former U.S. Fish and Wildlife Service 
Category 2 species (long-eared, long-legged, and Yuma myotis, Townsend’s big-eared bat, and spotted 
bat).  One species (Mexican spotted owl - Strix occidentalis lucida) is listed as federally threatened.  Six 
other species are state-listed as species of concern. 
 
Water 
Both Keet Seel and Inscription House units are located alongside a year-round stream within an active 
floodplain.  The creek flowing just below Inscription House is an unnamed tributary of Navajo Creek, 
originating at Inscription House Ruin Spring.  Springs and seeps are found at Keet Seel. 
 
Air 
Navajo is designated as a Class II park under the Clean Air Act. 
 
Geology and Paleontology 
The Monument is found within Tsegi Canyon and Shonto Plateau on the Organ Rock Monocline.  This 
monocline is an uplift between the Shonto Plateau and Black Mesa.  The three units of the Monument 
incorporate six geologic layers: Navajo Sandstone, Kayenta Formation, Wingate Sandstone, Churchrock 
Member, Owl Rock Member, and Petrified Forest Member.  There are three layers of alluvial deposition in 
Tsegi Canyon: Jeddito, Tsegi, and Naha formations.  Little paleontological research has been conducted 
within the Monument and only two paleontological specimens are housed in the Monument’s museum 
collection. 
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Significant Resources 
Remoteness From Urban Development.  Although recently paved roads have facilitated access, 
Betatakin Canyon is still a five-hour hike, Keet Seel is an overnight backcountry hike, and Inscription 
House remains closed to visitation due to its fragility. 
 
Unique/Unusual Habitats.  Navajo supports several unusual or unique habitats.  The relic aspen forest of 
Betatakin Canyon is composed of several species including aspen, Douglas fir (Pseudotsuga menziesii), 
white fir (Abies concolor), and horsetail (Equisetum spp.).  Scholars believe that vegetation communities 
of Betatakin Canyon were essentially the same in 1200 A.D. as now.  Hanging gardens are associated 
with the canyon walls and crypto-biotic soils occur on the plateaus.  Crypto-biotic soils are intricate 
networks of cyanobacteria, green algae, lichens, mosses, microfungi, and bacteria. 
 
Sensitive Species.  Several state or federal protected species are found at Navajo.  In particular, Navajo 
provides nesting habitat for the Mexican spotted owl and has been designated by U.S. Fish and Wildlife 
Service as habitat critical to the recovery of this species. 
 
Additional Resources.  Other resources are the high quality night sky and soundscape available in this 
remote Monument. 
 
Management Issues 
Multiple Adverse Impacts Linked to Livestock Grazing 
Livestock grazing within and adjacent to boundaries directly and indirectly contributes to erosion, results 
in excessive nutrient loads in water systems, and facilitates the spread of exotic plants.  Livestock grazing 
occurs within the watershed environment of both Keet Seel and Inscription House.  While grazing is not 
allowed on NPS land, there are areas affected by livestock that trespass. 
Grazing-induced erosion has been a serious concern since the early 1930s.  In 1934, Frank A. Kittredge, 
the chief engineer of the National Park Service, noted that a small depression in front of Keet Seel had 
become a seventy-foot-deep gash that obliterated an earlier wagon road (Rothman 1991).  Overgrazing 
was determined to be a contributing factor.  Efforts to retard or reverse erosion, such as check dams, 
have failed, and gullying continues to be a constant problem.  Betatakin has been the least affected of the 
three major ruins, while Inscription House has suffered the most damage.  

At the local and regional level, grazing and trampling has long-term, moderate to major adverse effects on 
water quality by increasing erosion within stream corridors, which then increases sedimentation.  
Increased sedimentation with accumulations of urine and fecal matter changes water chemistry.  Over a 
long period of time, changes in water chemistry with stream trampling (livestock, hikers, and motorized 
vehicles) can destroy the micro- and macrobiotic communities that help define a healthy riparian system.  
Keet Seel appears to be the most affected by all of these outside impacts (especially grazing and 
trampling) based on qualitative observations of algae blooms throughout the stream system and 
continued instability of stream banks. 
Grazing and trampling impacts have disturbed the landscape so much that in certain areas only exotic 
plant species are able to survive, and native seed sources are disappearing.  The potential exists for the 
establishment of new populations of exotic plant species as a result of disturbance to all riparian and 
wetland areas within and around the Monument.  Two exotic species closely associated with riparian 
areas, tamarisk and Russian olive, are currently within or nearby each Monument unit. 
 
Declining Water Table 
The reasons for the declining water table around Navajo are unknown but may be a result of regional 
climatic change.  Despite the distance between the three units, water table declines appear to be having 
long-term, moderate, adverse effects on all three sites based on observations of long-term arroyo cutting 
and historic vegetation changes.  The impact of the regional water table drop, especially if it disappeared 
completely underground, would have a moderate to major, long-term adverse effect on wildlife and the 
native vegetation.  Reduced wildlife habitat would result in reduced wildlife populations, and exotic 
vegetation would continue to invade while the native vegetation that is dependent on moisture would die 
off. 
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Additional Management Concerns 
Other management issues include 1) anthropogenic and livestock disturbance resulting in invasion by 
exotic plants, 2) adjacent land use impacts the natural and cultural resources of the units, and water 
quality and chemistry, and 3) scenic aircraft overflights impair natural quiet and visitor understanding. 
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PETRIFIED FOREST NATIONAL PARK 
Overview 
Petrified Forest National Park is located in east-central Arizona about 37 kilometers east of the City of 
Holbrook and 89 kilometers west of the New Mexico border.  President Theodore Roosevelt created the 
Petrified Forest National Monument in 1906 to preserve the geologic resources including petrified wood 
from the Triassic Period (Presidential Proclamation 697, 34 Stat. 3266).  Subsequent proclamations and 
acts of Congress expanded the Park to include cultural as well as natural resources.  Petrified Forest 
gained national park status in 1962 and portions of the Park (20,340 hectares) were designated as 
wilderness in 1970.  The boundaries of the Park have changed several times, and now it encompasses 
38,024 hectares that contain a variety of significant natural and cultural resources, including some of the 
most valuable paleontological resources in the world. 
 
Early inhabitants of the Petrified Forest area were hunter-gatherers.  Later, more permanent sites, such 
as pit houses, marked the beginnings of agriculture during the Basketmaker period (200 – 800 A.D.).  
Small pueblos, clustered near arable lands and major watercourses, mark the beginning of the Pueblo 
period.  The Puerco Ruins, one of the most visible archeological resources in the Park, date from near the 
end of the Pueblo period (around 1100 A.D.).  Drought and probably other factors contributed to the 
abandonment of this area around the mid 1400’s.  Eventually, Navajo and other Athabascan peoples 
reinhabited the region. 
 
General Setting and Resources 
Petrified Forest encompasses high desert plateaus and grasslands near the southern edge of the 
Colorado Plateau.  The Park extends from the Painted Desert at its north border to Puerco Ridge at its 
south border.  This region is a transition zone between shortgrass prairie and Great Basin Desert.  The 
Navajo Nation borders the northern part of the Park and a mix of Bureau of Land Management, State, 
and private lands surround the rest of the Park. 
 
Natural Resources 
Petrified Forest consists of three distinct geographic areas: Painted Desert, Puerco River Valley, and 
Rainbow Forest.  The Painted Desert in the northern third of the Park is characterized by southwest to 
northeast trending clay hills, mesas, and buttes that reflect the influences of the Little Colorado River as it 
erodes the Chinle Formation.  These "badland" desert systems are sparsely vegetated because plants 
have great difficulty getting established in the shrinking and swelling soils (Chronic 1988).  High erosion 
rates in the Painted Desert also prohibit most plants from taking hold.  From the Painted Desert rim, the 
land slopes to the southeast through a series of wide erosional basins to the Puerco River.  The middle 
section of the Park is a relatively narrow strip of land across this valley.  Various mixed shrubs and 
grasses cover this high desert river valley.  In the southern third of the Park the land has eroded into 
small groups of buttes and mesas separated by the wide expanses of the drainage basins of Dry Wash 
and its tributaries.  Shortgrass prairie and desert shrubland become widely interspersed with barren 
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lands.  Biotic communities at Petrified Forest belong to the Colorado Plateau Semi-Desert Province 
(Bailey et al. 1994). 
 
Vegetation and Flora 
The Puerco River Valley contains a shortgrass prairie ecosystem that is perhaps the best example of its 
kind in northeast Arizona.  The Park’s wildlife is correspondingly located in this valley where vegetation 
provides needed forage and cover.  Although more than 411 species have been documented within the 
Park, no threatened or endangered plants have been found in the Monument.  Two rare plants inhabit the 
Park: gladiator milkvetch (Astragalus xiphoides) occurs in several populations and paper-spined cactus 
(Pediocactus papyracanthus) occurs in the pinyon-juniper woodlands.  One of the more important and 
least recognized plant communities in this area is cryptobiotic soil.  This plant community represents up to 
70% of the living ground cover.  These living crusts are comprised of cyanobacteria, lichens, mosses, 
green algae, microfungi, and bacteria. 
 
Fauna 
Current records indicate that the Park supports 7 species of amphibians, 231 species of birds, 59 species 
of mammals, and 16 species of reptiles.  No federally or state-listed threatened or endangered wildlife 
reside in the Park. 
 
Water 
There are numerous intermittent washes and drainages throughout the Park.  Perhaps the most reliable 
water source is the Puerco River, which runs through the narrow mid-section of the Park, and is 
intermittent in nature.  Only about 2.7 kilometers of stream’s length is within Park boundaries.  In addition, 
the locations of a spring, seep, tinaja, tank and pipe leak have been mapped within Park boundaries. 
 
Air 
Petrified Forest is a Class I park under the Clean Air Act.  The dry climate contributes to the low air 
pollution levels so that mountain peaks over 160 kilometers away are often visible from the Park.  
 
Geology and Paleontology 
The badlands exposed in the park belong to the Upper Triassic Chinle Formation and represent the 
deposits of a vast 220 million year old river system.  During more recent times, approximately 15 million 
years ago, lake deposits and lava flows capped a portion of the Triassic sediments preserving them along 
the Painted Desert Rim and out at Pilot Rock.  A sample of the plants and animals that lived and died 
during Triassic times are buried and fossilized in river muds and sands.  These remains give scientists a 
glimpse into the Late Triassic ecosystem of the area that is now the Southwestern United States. 
  
Significant Resources 
Triassic Period Fossils.  The quantity and variety of Triassic age fossils facilitate the study of ecological 
relationships during the Triassic Period.  The petrified wood seen in the Park mainly consist of the 
conifers Araucarioxylon arizonicum, Woodworthia arizonica., and Schilderia adamanica.  Relatively few 
stumps have been located, leading to speculation that many of the logs were washed in from higher, 
more densely wooded areas to the south.  Other significant fossils in the park are those of well-preserved 
leaves and numerous vertebrate fossils, including large crocodile-like reptiles, giant amphibians, and 
some of the earliest known dinosaurs.  Fossil invertebrates are also found in the Park, including clams, 
snails, and rare insects.  Some of the sandstones in the Park contain fossil footprints and further traces of 
these ancient animals. 
 
Shortgrass Prairie.  Aerial photos show that the Park is the only area in northeastern Arizona where the 
shortgrass prairie has made a substantial recovery.  Sheep and cattle grazed the Petrified Forest area 
until 1936, when it became excluded from allowable activities in the southern extent of the Park.  In 1981, 
a perimeter fence was erected to prevent grazing on Park lands. 
 
Wilderness.  Two areas in Petrified Forest are designated wilderness.  A northern wilderness unit is 
located in the Painted Desert and a southern unit is located in the Rainbow Forest area. 
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Air.  Air quality and visibility are considered an outstanding and significant Park resource. 
 
Management Issues 
Theft of Paleontological Resources 
An estimated 12,000 kilograms of petrified wood are stolen or displaced from the Park each year, mostly 
by visitors.  In 2000, the National Parks and Conservation Association listed Petrified Forest National 
Park as one of the 10 most endangered parks in the system due in part to this type of resource loss. 
 
Erosion 
The Park is situated on a high desert plateau and hence experiences a high erosion rate due to both wind 
and precipitation.  Major archeological and fossil resources, and the knowledge they contain, are being 
lost due to this erosion 
 
Pronghorn Herd 
Interstate 40 and a railroad track run east to west through the Park at each end of the Puerco River 
Valley.  These transportation corridors create a nearly impassible barrier for a large herd of pronghorn 
(Antilocapra americana).  Inbreeding will result in a reduction of genetic diversity and may eventually 
impact the health and reproductive potential of the herd. 
 
Additional Concerns 
Some additional management concerns within the Park include 1) the biologically diverse Puerco River is 
infested with tamarisk, 2) development on surrounding lands could impact air quality, viewscapes, 
soundscapes, and wildlife in and around the Park, 3) plague could decimate the prairie dog colonies, and 
4) number of exotic plants in the shortgrass prairie are increasing. 
 
Literature Cited 
Bailey, R. G., P. E. Avers, T. King, and W. H. McNab, editors.  1994.  Ecoregions and subregions of the 
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SCPN Park document(s) used in this park narrative: 
Petrified Forest National Park – Long-range Interpretive Plan, 2000 
Petrified Forest National Park – Resource Management Plan, 1994 
Petrified Forest National Park – General Management Plan, 1992 
 
 
PETROGLYPH NATIONAL MONUMENT 
Overview 
Petroglyph National Monument was established on June 27, 1990 to protect a large concentration of 
petroglyphs as well as other cultural and natural resources on the western edge of New Mexico’s largest 
urban center (Public Law 101-313).  The petroglyphs were created on volcanic basalt boulders by 
American Indian and early European settlers.  The Monument is divided into three units and 
encompasses 2,915 hectares within the city limits of Albuquerque.  It is jointly owned and managed by 
the National Park Service, the State of New Mexico, and the City of Albuquerque. 
 
The petroglyph images, along with the associated archaeological and cultural resources of Albuquerque’s 
West Mesa, play an important role in the traditional and cultural values of current Pueblo people.  The 
majority of petroglyphs are found along a volcanic escarpment, which is the erosional remnant of a series 
of basaltic lava flows.  Most of the petroglyphs are Rio Grande Style from the Pueblo IV period, however 
some petroglyphs are attributed to Ancestral Puebloans (formerly Anasazi) and Desert Archaic people.  
The oldest images are believed to be 2,000 – 3,000 years old; however archeological evidence suggests 
humans have occupied the West Mesa for more than 10,000 years. 
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General Setting and Resources 
Petroglyph National Monument is located in central New Mexico about two miles west of the Rio Grande.  
The Monument extends for more than 8 miles from Piedras Marcadas Canyon at the north end to Mesa 
Prieta at the south end.  In addition to the petroglyphs, the Monument protects several geologic features 
including five major volcanic cones and two geologic windows (or kipukas).  One of the most distinct 
features of the Monument is the over 27 kilometer escarpment that formed when the volcanoes erupted 
approximately 130,000 years ago.  The West Mesa lies within the Albuquerque basin of the upper Rio 
Grande drainage.  This region represents the transition zone between Great Plains, Great Basin, and 
Chihuahuan Desert grasslands. 
 
Natural Resources 
Biotic communities in Petroglyph belong to the Colorado Plateau Semi-Desert Province (Bailey et al. 
1994).  The top of the mesa is Southwestern Grassland dominated by several species of grasses, forbs, 
and scattered junipers.  The bottom of the mesa is Plains-Mesa Sand Scrub dominated by psammophilic 
(sand-loving) species of shrubs and forbs.  The escarpment/rocky habitat includes many species of 
shrubs and forbs that are not found in other areas of the Monument (Parmenter et al. 1996).  Faunal 
species are typical of these desert grassland habitats. 
 
Vegetation and Flora 
Analysis of GIS maps by the Intermountain GIS Center has generated the following approximations of 
each habitat type: 65% Southwestern Grassland (mesa top land), 20% Plains-Mesa Sand Scrub (base of 
Mesa land), and 15% Escarpment/rocky habitat.  The nine vegetation types identified in the Monument 
are predominately grasslands and shrublands with little riparian habitat.  Although more than 190 species 
have been documented within the park, no threatened or endangered plants have been found in the 
Monument.  Several species of ethnographic interest, such as desert tobacco (Nicotiana trigonophylla) 
and jimson weed (Datura inoxia) also are found within the borders of the Monument.  
 
Fauna 
Current records indicate that the Monument supports a diverse assemblage of fauna including 6 species 
of amphibians, 55 species of birds, 26 species of mammals, 24 species of reptiles, and over 350 species 
of invertebrates.  As with the flora, a small percentage of the fauna appears to have been introduced by 
the surrounding development (Parmenter et al. 1996).  Although no threatened or endangered species 
are known to occur at Petroglyph, three species of concern do occur within the Monument including the 
slate millipede (Comanchelus chihuanus), loggerhead shrike (Lanius ludovicianus), and the ferruginous 
hawk (Buteo regalis).  Faunal diversity within the Monument may be reduced due to the proximity of 
urban development and lack of permanent water sources. 
 
Water 
Surface water resources of the park include several ephemeral streams and arroyos.  One intermittent 
stream passes through two of Petroglyph’s units.  This stream is 16 km long in total, but only 2.8 km occur 
within the Monument boundaries.  Additional arroyos contribute 7.4 km of stream corridor within the park 
when rain fills the drainages.  Although no permanent sources of water exist at Petroglyph, there are 
several ephemeral pools that are important to amphibian species. 
 
Air 
Petroglyph National Monument has been designated as Class II under the Clean Air Act.  Although 
Petroglyph is adjacent to Albuquerque, data on ozone concentrations collected in the mid- to late 1990’s 
were within EPA standards for 8-hour and peak concentrations. 
 
Geologic and Paleontological 
The resources at Petroglyph include several geologic features that resulted from historic volcanic activity 
in the region.  Approximately 130,000 years ago, lava flows capped the existing landscape with vesicular 
basalt and formed five major volcanic cones that now border the west side of the Monument.  Years of 
erosion and undercutting of the rock cap created an escarpment along the eastern edge of the flow.  Two 
geologic windows, also known as kipukas, were formed and have been encompassed in the smaller units 
that form Petroglyph.  A geologic window is created when lava surrounds an island of sand or other 
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substrate that eventually erodes away exposing the layers of basalt.  Other important geologic features 
are a handful of caves (lava tubes) within the Monument boundaries 
 
Significant Resources 
Geologic Resources.  Historic volcanic activity in the Petroglyph region created several geologic features 
including geologic windows, lava flows, and five volcanic cones that had held cultural significance to 
regional American Indian groups and are still considered sacred by many Puebloan peoples.  In addition 
to their cultural significance, the two geologic windows have provided a look at the stratified layers of the 
six flow events that occurred more than 130,000 years ago.  The five volcanic cones, near the western 
edge of the mesa, were formed during the last phases of the eruptions.  Volcanic cones are composed of 
inter-layered basalt flows and cinders.  These rocky habitats support vegetative communities that are not 
found elsewhere in the Monument.  
 
Management Issues 
Encroachment From Urban Development 
Lack of forethought in urban planning of surrounding communities has resulted in continued 
encroachment by neighboring developments.  Growth of Albuquerque is likely to threaten the Monument 
through degradation of air and water quality, increased number of exotic species, and increased exposure 
of species and ecological communities to pollutants.  Review of water quality indicated that surface 
waters of the region contained contaminants that may have come from anthropogenic sources (National 
Park Service 1999).  Additionally, increased population growth leads to increased visitation use and 
damage to the resources.  Being near a large urban area introduces many resource management 
challenges, mostly related to protection and preservation of natural and cultural resources. 
 
Alteration in Drainage Patterns 
Urban development around the Monument may alter drainage patterns and increase surface water runoff.  
The drainages within the Monument currently are at capacity and cannot handle higher flows (Gellis 
1996).  Historic drainage paths may already have been disrupted by development.  The Monument is 
being constantly bombarded with requests from developers to run additional developed drainage through 
the arroyos in the Monument.  
 
Air Quality 
Declining air quality around Petroglyph is adversely impacting the viewshed and aesthetic experience of 
visitors to the Monument.  The Albuquerque metropolitan population has increased substantially in the 
last 10-12 years.  The increased traffic has resulted in a notable decrease in the air quality in the upper 
Rio Grande Valley. 
 
Noise Pollution 
The proposed enlargement of the 4,700 acre Double Eagle II airport on the west side of the Monument, a 
public shooting range, a newly constructed jail facility, and construction of new roads and housing around 
the Monument interfere with the quiet landscape of the region.  Noise pollution may disrupt normal life 
habitats of park fauna. 
 
Additional Concerns 
Some additional management concerns within the Monument are 1) invasion of exotic plant species, 
particularly Russian thistle (Salsola kali) and cheatgrass (Bromus tectorum), 2) soil erosion along the 
numerous dirt roads, 3) historic garbage sites on Monument property creating opportunities for invasive, 
non-native species to get established, and 4) dust deposition.  
 
Literature Cited 
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SCPN Park document(s) used in this park narrative: 
Petroglyph National Monument – Resource Management Plan, 1999 
 
 
RAINBOW BRIDGE NATIONAL MONUMENT 
Overview 
Rainbow Bridge National Monument is located in southeastern Utah and was established in 1910 to 
preserve and protect the scenic, scientific, and historic features contributing to public enjoyment of the 
Monument (Presidential Proclamation 1043, 36 Stat. 225).  Rainbow Bridge is the world's largest natural 
bridge and is of great scientific interest as an example of eccentric stream erosion.  The Monument is 
contiguous with the much larger Glen Canyon National Recreation Area, which is responsible for 
management of Rainbow Bridge.  The Monument is 65 hectares in size and accessible only by boat from 
Lake Powell or by a 21 kilometer hike (with a permit from the Navajo Nation).  
 
To Native American Tribes, Rainbow Bridge is a sacred place that provides a link to traditional religious 
beliefs and their cultural identity.  Tribes throughout the southwest maintain a historical relationship with 
Rainbow Bridge that pre-dates the 19th century entrance of non-Native Americans into the region.  There 
is also strong evidence that humans have been present near Rainbow Bridge for more than 8,000 years.  
The spiritual and religious significance to Native Americans groups such as the Navajo Nation, Hopi, and 
San Juan Southern Paiute, is detailed in this history.  Several sites of archeological significance exist at 
the Monument. 
 
General Setting and Resources 
Rainbow Bridge sits deep in a slickrock wilderness of rugged canyon lands in Bridge Canyon and arches 
across the channel of Bridge Creek, one of several springs that drain the north slope of Navajo Mountain 
(Chronic 1984).  Bridge Canyon is one of the numerous canyons eroded into the northern rim of Rainbow 
Plateau.  The Monument is located at the southern margin of Lake Powell and the northwest slope of 
Navajo Mountain.  The Navajo Nation and Glen Canyon National Recreation Area border the Monument. 
 
Natural Resources 
From its base to the top of the arch, the Bridge stands 88 meters high and spans 84 meters across the 
river channel; the top of the arch is 13 meters thick and 10 meters wide.  Biotic communities at Rainbow 
Bridge belong to the Colorado Plateau Semi-Desert Province (Bailey et al. 1994). 
 
Vegetation and Flora 
According to current records, 800 species of vascular plants are found at Rainbow Bridge.  None of these 
are listed as federally listed threatened or endangered.  
 
Fauna 
Rainbow Bridge supports 7 amphibian, 311 bird, 27 fish, 64 mammal, and 28 reptile species. 
 
Water 
Bridge Creek flows under Rainbow Bridge and into the waters of Lake Powell. 
 
Air 
Under the Clean Air Act, Rainbow Bridge has been designated as a Class II airshed. 
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Geology and Paleontology 
Rainbow Bridge was formed by the erosive action of Bridge Creek as it carved through the relatively soft 
Navajo Sandstone and into the harder Kayenta Sandstone.  The base of Rainbow Bridge is composed of 
Kayenta Sandstone, reddish-brown sands and muds laid down by inland seas and shifting winds over 
200 million years ago.  The bridge itself is composed of Navajo Sandstone, a slightly younger formation at 
about 200 million years old that was created by layers of sand dunes deposited to depths up to 305 
meters.  Over the next 100 million years, both of these formations were buried by an additional 1,524 
meters of other geologic strata.  
 
When the Colorado Plateau uplifted a few million years ago, river gradients steepened and cut many 
deep canyons into the plateau.  Initially, water flowing off nearby Navajo Mountain followed a path of least 
resistance across the sandstone.  A drainage, known today as Bridge Canyon, was carved deep into the 
rock.  At the site of Rainbow Bridge, the Bridge Canyon stream flowed in a tight “gooseneck” curve 
around a thin vertical fin of soft sandstone that jutted into the canyon and eventually created the arch 
seen today. 
 
Significant Resources 
Geologic Resource.  The major resource at Rainbow Bridge is the sandstone arch that is of scientific and 
cultural importance. 
 
Management Issues 
Visitor Use Impacts 
Visitor use of backcountry areas may adversely impact natural resources. 
 
Additional Concerns 
An additional concern to natural resources is the invasion of exotic plant species like saltcedar (Tamarix 
spp.). 
 
Literature Cited 
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SCPN Park document(s) used in this park narrative: 
Strategic Plan for Glen Canyon Natural Recreation Area and Rainbow Bridge National Monument, 2000 
Glen Canyon Resource Management Plan, 1995 
 
 
SALINAS PUEBLO MISSIONS NATIONAL MONUMENT 
Overview 
Salinas Pueblo Missions National Monument is located in central New Mexico approximately 65 
kilometers southeast of Belen.  The Monument consists of 3 units: Abó, Quarai, and Gran Quivira.  
Established in 1980 through the combination of two New Mexico State Monuments and the former Gran 
Quivira National Monument, the present Monument comprises a total of 430 hectares.  Salinas Pueblo is 
established as an important area of cultural resources associated with the prehistoric Indian pueblos and 
Franciscan mission ruins (Public Law 96-550). 
 
Pueblo ruins at the Monument represent the overlap of two cultures and societies – the Anasazi and 
Mogollon peoples.  By the 1600’s, Salinas Valley was one of the most populous regions of the Pueblo 
world and a major trade center of the American Indian communities of Tiwa and Tompiro.  The arrival of 
the Franciscan missionaries led to a series of conflicts between the Franciscans and civil authorities, and 
among tribes that had formerly been trading partners.  These conflicts, combined with widespread 
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drought and epidemics among the Puebloans, resulted in the abandonment of the site during the 1670’s.  
What remains today are artifacts of this earliest contact between Pueblo Indians and Spanish Colonials, 
the ruins of four mission churches at Quarai, Abó and Gran Quivira, and the partially excavated pueblo of 
Las Humanas. 
 
General Setting and Resources 
The units of Salinas Pueblo are situated within Estancia Basin at the foothills and to the southeast of the 
Manzano Mountains.  Vegetation consists of pinyon-juniper woodlands in the lower elevations to mixed 
conifer forests in the high country.  The terrain, cut with canyons and rocky outcrops, is fairly steep and 
rugged. 
 
Natural Resources 
Biotic communities at Salinas Pueblo belong to the Arizona-New Mexico Mountains Semi-Desert-Open 
Woodland-Coniferous Forest-Alpine Meadow Province (Bailey et al. 1994).  The flora of Salinas Pueblo is 
primarily Chihuahuan and southern Great Plains. 
 
Vegetation and Flora 
At least 12 vegetation communities have been identified at Salinas Pueblo.  Vegetation is predominantly 
pinyon-juniper woodlands and associated desert shrubland.  The Quarai unit has a perennial water 
source that supports a more diverse vegetative community than the other units.  Both Abo and Quarai 
units have some riparian vegetation.  A total of 208 vascular plant species have been documented thus 
far at Salinas Pueblo.  Current records indicate that no special status or listed plant species reside in the 
Monument. 
 
Fauna 
There are no resident populations of large ungulates within the Monument.  Lack of water further limits 
faunal diversity at Gran Quivira.  According to current records, faunal composition within Salinas Pueblo 
may include 2 amphibian, 99 bird, and 19 mammal species.  Of these, the gray vireo (Vireo vicinior) is the 
only listed species.  Transient populations of ungulates (deer and elk) move through the units as well as 
the occasional mountain lion (Puma concolor). 
 
Water 
There are no water resources within the Gran Quivira unit of the Monument.  The Abo unit has two 
drainages that run through it with at least two pools that hold water year-round.  The Quarai unit also has 
one drainage or wash, which runs through it and two mapped springs. 
 
Air 
Under the Clean Air Act, Salinas Pueblo has been designated as a Class II airshed. 
 
Geology and Paleontology 
Sedimentary rock from the Permian Age comprises most of the surface rock observed around Salinas 
Pueblo.  At Gran Quivira, outcrops of San Andres limestone provided the building material for pueblo and 
mission structures.  Red sandstone of the Abo Formation served a similar function at the Abo and Quarai 
sites.  The principle water-bearing formation is the Yeso Formation of siltstone, fine-grained sandstone, 
gypsum, and limestone.  At Gran Quivira, the Yeso Formation lies over 122 meters below the San 
Andreas limestone and is about 305 meters thick.  
 
Significant Resources 
Water Resources.  The water resources of Abo and Quarai contribute to the biotic diversity of the 
Monument by supporting riparian flora.  The relative oasis of the cottonwoods and associated native 
plum, currant, and other berry producing shrubs at Quarai attract local wildlife and provides habitat for 
neotropical migratory birds such as the insectivorous gray vireo. 
 
Management Issues 
Adjacent Land Management Practices 
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Commercial and urban development on adjacent lands is impacting the Monument’s natural resources.  
Subdivisions and associated developments such as roads are altering the viewshed, air quality and water 
quality.  Mining and logging activities are contributing to these impacts. 
 
Surface Water Threats 
Uncertain water rights and anthropogenic alterations to groundwater sources are threatening flow rates of 
springs in the Quarai unit.  The land surrounding Abo is actively mined for ornamental/landscaping stone 
and has been heavily grazed, thus impacting the quality and availability of surface water. 
 
Additional Concerns 
Salinas Pueblo Monument resources are also impacted by the following: 1) the use of the Mission ruins at 
Abo and Quarai and at the rock shelters at Abo by native species that damage the pictographs and create 
conflict with stabilization projects; 2) neotropical bird habitat at Quarai is a major natural resource issue in 
trying to develop appropriate management plans in the areas of vegetation, fire and cultural resources 
management; 3) drainage through arroyos at Abo is washing prehistoric and historic material out of the 
soil; 4) vegetation overgrowth at Quarai is clogging the waterway forcing water into new drainage patterns 
that have resulted in severe damage to the trail system and foot bridge and has threatened the 
Mission/Convento complex; and 5) control of invasive and exotic vegetation is hindered by continued re-
invasion from adjacent public lands. 
 
Literature Cited 
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SCPN Park document(s) used in this park narrative: 
Salinas Pueblo Missions National Monument, 1997 
 
 
SUNSET CRATER VOLCANO NATIONAL MONUMENT 
Overview 
Sunset Crater Volcano National Monument is located 23 kilometers north of Flagstaff in north central 
Arizona.  The Monument was established in 1930 to protect significant geological resources for scientific 
interests and research and for public interest including scenic, educational, and recreational pursuits 
(Presidential Proclamation 1911, 46 Stat. 3023).  The eruption of Sunset Crater produced a cinder cone 
volcano and is the Colorado Plateau’s most recent volcanic activity.  The Monument encompasses 1,227 
hectares. 
 
The volcanic eruption of Sunset Crater affected the lives of people in the area and left a unique 
archeological and ethnographic record of human adaptation, response, and recovery to volcanic eruption.  
These inhabitants, known as the Sinagua Culture, moved northward during the eruption towards the area 
now encompassed by Wupatki National Monument.  Deposits of volcanic ash and cinder allowed the 
Sinagua peoples to successfully farm in low-elevation areas that had been unsuitable. 
 
The volcano and its natural resources continue to have cultural significance to contemporary native tribes.  
The Monument’s volcanic features are seen now with few human disturbances and provide excellent 
opportunities for science, education, and interpretation, including insight into plate tectonics, ongoing 
geological and ecological processes, and a larger view of how this area is important in the context of 
southwestern United States and world geology.  Furthermore, the young age of the volcano and its 
location in a relatively undeveloped landscape provides an opportunity to study plant succession 
processes and ecological change in an arid volcanic landscape. 
 
General Setting and Resources 
Sunset Crater Volcano lies on the eastern perimeter of the San Francisco Volcanic Field with the remains 
of the San Francisco Volcano to the west.  The Painted Desert stretches east of the volcanic field to 
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Petrified Forest National Park.  Fifteen miles to the north, the Little Colorado River flows along the eastern 
boundary of Wupatki National Monument.  The Coconino National Forest surrounds the Sunset Crater 
Volcano. 
 
Natural Resources 
Sunset Crater Volcano is dominated by a volcanic landscape, and its biotic communities are typified by 
those belonging to the Colorado Plateau Semidesert Province (Bailey et al. 1994).  The Sunset Crater 
cinder cone and the northern half of Lenox Crater cinder cone lie at the southeastern and southwestern 
corners of the Monument, respectively.  Most of the surface area north of the two cones is covered by 
either the Bonito Lava flow or deep volcanic cinder deposits, including an area of tall cinder hills within the 
northeastern quarter of the Monument.  Sunset Crater is very young in geologic time and one of the few 
undisturbed cinder cone volcanoes within northern Arizona.  The volcanic features within the Monument 
harbor a small but unique natural area of relatively undisturbed vegetation and wildlife habitats.  The 
volcano also offers unique insight into fresh lava and cinder weathering processes, soil formation, and 
pioneering vegetation establishment. 
 
Vegetation and Flora 
Only four vegetation communities have been documented for the Monument.  Vegetation is relatively 
sparse, but soil pockets on cinder cone slopes, lava, and ponderosa pine trees dominate deep cinder 
deposits.  An area of pinyon pine woodland dominates the northwestern corner.  The oldest ponderosa 
pines found here are about 250 years old, and biologists believe that these were among the first colonists 
of the new landscape.  There are also a few small aspen stands on the north slopes of the cinder cones 
and around the perimeter of the lava flow.  Given the small area within the Monument, it is relatively rich 
in plant species, with 166 documented species.  No federally listed threatened or endangered plant 
species are known to occur in Sunset Crater Volcano but two unique plant species, Sunset Crater 
penstemon (Penstemon clutei) and serrate phacelia (Phacelia serrata) are endemic to the deep cinder 
deposits.  The microhabitat and climate of the Monument create an unusual species mix and endemic 
species that are highly visible examples of the scientific concepts of succession and adaptation. 
 
Fauna 
The harsh landscape at Sunset Crater Volcano limits wildlife habitat.  The Bonito Lava Flow, which 
dominates more than 25% of the surface area within the Monument, is extremely inhospitable to foot 
travel and probably does not provide habitat for larger animals.  Habitat for larger animals, such as mule 
deer (Odocoileus hemionus), exists along the western, southern, and northern margins of the Monument 
adjacent to the pine forests of neighboring U.S. Forest Service lands.  Cave-like lava tubes and cracks in 
lava flows serve the needs of insects, spiders, lizards, and rodents.  Bats also inhabit some of these 
spaces.  Current records indicate that 2 amphibian, 117 avian, 29 mammalian, and 10 reptilian species 
may occur in the Monument.  No federally listed threatened or endangered animal species are known to 
occur in Sunset Crater Volcano although the Monument may provide foraging habitat for the endangered 
Mexican spotted owl (Strix occidentalis lucida) and northern goshawk (Accipiter gentilis), which inhabit the 
neighboring pine forests. 
 
Water 
Surface water resources are almost non-existent within the Monument except for local catchments on 
lava flows and seepage areas around the perimeter of lava flows.  There are relatively deep aquifers 
beneath the Monument, one of which is utilized by the Monument for the drinking water supply.  Water 
may collect briefly in hollows on the lava flows, but is soon channeled away through cracks. 
 
Air 
Sunset Crater Volcano is designated a Class II park under the Clean Air Act.  Air flows generally down 
and away from the adjacent San Francisco Peaks and does not allow concentrations of most pollutants to 
accumulate within the Monument. 
 
Geology and Paleontology 
The eruption of Sunset Crater was the last of more than 550 known basaltic vents in the San Francisco 
Volcanic Field.  This volcano produced two lava flows that originated from the base of the cinder cone.  
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The Kana-A Flow (outside the present Monument boundary in the Coconino National Forest) broke 
through the eastern base of the volcano and flowed northeast, filling a narrow valley.  The Bonito Lava 
Flow came from the northwest base of the volcano and pooled over a 5-square-kilometer area.  It is 
believed to have accumulated, during at least three separate flows, to as much as 30 meters thick.  The 
process that created the volcano left many other volcanic features including spatter cones around now 
dormant gas vents, wedge-shaped squeeze-ups (formed when partially cooled lava pushed through 
cracks in the surface), lava tubes, and ice caves. 
 
Significant Resources 
Unique Habitats.  Three unique habitats have been identified within the Monument’s volcanic landscape: 
1) pioneering vegetation stands isolated in the middle of the lava flows, 2) vegetation islands on deep 
cinder deposits, and 3) the lower perimeter of lava flows where water seepage may collect.  Studies of 
these areas may reveal the ecological processes that allow pioneer plants to move into harsh habitats 
and, eventually, to transform them for the other species that follow.  All three unique habitats likely harbor 
numerous plants and provide scarce wildlife habitat that would not otherwise be found and greatly 
contribute to overall biotic diversity within the Monument. 
 
Sensitive Species.  The Monument supports two endemic plant species that have adapted to survival on 
volcanic cinders.  Sunset Crater penstemon is found only in northern Arizona on cinder barrens or under 
ponderosa pines deep cinder and scoria deposits.  Serrate phacelia is found only in two disjunct regions, 
one around Sunset Crater in Arizona and the other around El Malpais National Monument in New Mexico. 
 
Volcanic Features.  Sunset Crater is viewed by geologists as being unique primarily because it is such a 
fresh and unweathered example of volcanic activity both within the San Francisco Volcanic Field and 
within the continental United States.  The crater is a classic example of a cinder cone produced as large 
pieces of cooled magma that fell in a circle around the volcanic vent.  At the peak of volcanic activity, at 
least nine other cinder cones, numerous smaller spatter cones and fumaroles, and three lava flows were 
simultaneously active along a 10-kilometer-long fissure, forming a “curtain-of-fire” style eruption much like 
those observed today in Hawaii. 
 
Additional Resources.  An additional resource is the archeological and ethnographic record of human 
adaptation, response, and recovery to volcanic eruption. 
 
Management Issues 
Recreation Pressure within Monument 
Development for visitor access, visitor use, and administrative activities within the Monument influences 
the integrity of natural resources.  Road systems divide natural areas and act as barriers or create 
crossing hazards for wildlife.  Although not listed as threatened or endangered, pronghorn antelope are 
declining in the region, and their seasonal movements are hindered in areas where roadsides form 
continuous barriers between grazing areas (Bright and Van Riper 2000).  Roads, trails, and disturbed 
areas function as corridors for invasive species to move into the Monument, which may alter unique 
habitats and completely displace rare species.  Visitor use, both managed and unmanaged, may be 
disrupting ecological succession of fragile cinder communities (Eggler 1966).  Inside the Monument, 
some areas receiving heavy visitor use suffer from severe erosion on steep cinder cone slopes and the 
breakage, collapse, and loss of lava and spatter cone surfaces. 
 
Development on Surrounding Lands/Habitat Fragmentation 
External influences are adversely impacting the viewshed and biota of the Monument.  Pumice mines are 
visible on the slopes of the San Francisco Mountains impairing the quality of viewshed from the 
Monument.  In addition to the impacts from commercial development, suburban development and related 
infrastructure to the south and west is fragmenting habitat and altering movement corridors for wildlife 
whose range extends beyond the Monument boundaries. 
 
Recreation on Surrounding Lands 
Since the 1970’s, the Coconino National Forest has managed an off-road vehicle (ORV) use area 
adjacent to the southeastern boundary of Sunset Crater.  Heavy use causes increased noise levels, 
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visible dust clouds, and long-term scarring and erosion to the cinder cones and other geological features 
that are closely related to the Sunset Crater Volcano eruption.  Despite official closure to ORVs, the 
Kana-A lava flow and the cinder fall area to the east and north of the Monument are subject to trespass 
ORV use, which also occurs within the Monument on an occasional basis.  Heavy ORV use adjacent to 
the east and south boundaries of the Monument may adversely affect sensitive species populations, such 
as Sunset Crater penstemon and cinder lady’s tresses, and disturb most wildlife populations that go 
beyond the Monument boundaries. 
 
Additional Concerns 
Some additional management concerns within the Monument are 1) restoring natural role of fire to 
ponderosa forests within SUCR, 2) fire management and suppression practices on adjacent lands, 3) 
impact of drought and climate change on isolated patches of pine trees, 4) potential adverse impacts to 
air quality from the continued expansion of the City of Flagstaff, and 5) global climate change. 
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WALNUT CANYON NATIONAL MONUMENT 
Overview 
Walnut Canyon National Monument is located 17 kilometers east of Flagstaff in north central Arizona.  
The Monument was established in 1915 for the purpose of protecting ancient cliff dwellings and 
associated cultural and natural resources that are of great ethnographic, scientific, and educational 
interest (Presidential Proclamation 1318, 39 Stat. 1761).  Within Walnut Canyon, ecological communities 
overlap to bring together species usually separated on an elevational gradient, creating a rare 
compression of plant and animal communities.  The biotic diversity supported by these habitats is thought 
to have contributed to the decision of prehistoric people to settle here.  After several changes to the 
boundaries, the Monument currently encompasses 1,452 hectares immediately adjacent to the corporate 
city limits of the City of Flagstaff.  There is one inholding of 118 hectares on the east side of the 
Monument. 
 
Walnut Canyon and the area immediately surrounding the Monument contain hundreds of archeological 
sites dating mostly to the 11th, 12th, and early 13th centuries A.D.  These sites and associated artifacts 
are the remains of a prehistoric culture that flourished in the region from about A.D. 600 until 1400.  
Archeologists call this culture "Sinagua," in reference to the early Spanish name for this highland region, 
"Sierra Sinagua" (meaning Mountain Range without Water).  Walnut Canyon preserves part of the once 
extensive Sinagua cultural landscape.  Multi-room residential sites (both cliff dwellings and open-air 
pueblos), isolated field structures, "forts” (walled defensible sites located on promontories), quarries, 
agricultural fields, shrines, rock art, and other features are now protected within the Monument.  The high 
site density (~39 sites per square kilometer) reflects the abundance and diversity of plant and animal 
species in the canyon that provided a storehouse of resources to sustain the prehistoric inhabitants.  The 
natural and cultural resources within the Monument hold cultural importance to contemporary native tribes 
as evidenced by oral history, continuing practices, and the archeological record. 
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General Setting and Resources 
Walnut Canyon is located in the Mogollon highlands-Coconino Plateau region of northern Arizona.  The 
San Francisco Volcanic Field with its prevalent cinder cones characterizes the area surrounding the 
Monument and lava flows.  The San Francisco Peaks lie to the north and the Painted Desert lies to the 
east within the Little Colorado River Basin.  Although the Monument lies within the Coconino National 
Forest, much of the northern border abuts an area of Arizona State lands interspersed within the National 
Forest lands. 
 
Natural Resources 
The Monument encompasses about ten kilometers of Walnut Canyon.  Varying exposures and elevations 
combined with seasonally abundant water contribute to the high biological productivity of the canyon.  
The biotic communities of the Monument belong to the Arizona-New Mexico Mountain Semidesert-
Woodland Coniferous Forest-Alpine Meadow Province (Bailey et al. 1994).  Several different ecological 
communities overlap within Walnut Canyon, mixing species that are usually separated by elevation and 
creating a diverse assortment of microhabitats.  Walnut Canyon supports a diversity of animals and 
plants, including large ungulates, large predators, numerous raptors, and an unusual assortment of 
plants.  The linear expanse of Walnut Canyon also serves as an important wildlife migration corridor, 
linking the higher elevation forests to the west with the lower elevation pinyon-juniper woodlands to the 
east, as well as protecting strategic cross-canyon routes between Campbell and Anderson Mesas. 
 
Vegetation and Flora 
Despite its relatively small area, the Monument harbors a rich flora and assemblage of vegetation types.  
Walnut Canyon contains a narrow stand of broadleaf deciduous forest along the bottom of the canyon, 
Douglas fir (Pseudotsuga menziesii)-Gambel oak (Quercus gambelii) forest on north-facing slopes, 
pinyon-juniper woodlands on the south-facing slopes, and ponderosa pine forest and parkland above the 
canyon rim.  Several culturally important plant species are found in much greater abundance within the 
Monument than anywhere outside of it.  Current records indicate that over 400 vascular plant species 
occupy the lands within Walnut Canyon none of which are federally listed as threatened or endangered. 
 
Fauna 
Current records indicate that 4 amphibian, 126 avian, 57 mammalian, and 14 reptile species may occur 
within the Monument.  Walnut Canyon provides habitat for a few endangered or threatened species and 
several sensitive species.  The Mexican spotted owl (Strix occidentalis lucida), peregrine falcon (Falco 
peregrinus), and northern goshawk (Accipiter gentilis) nest within Walnut Canyon.  The Mexican spotted 
owl is federally listed as threatened under the Endangered Species Act and is a state species of concern.  
The U.S. Fish and Wildlife Service recently designated the entire Monument as critical habitat for the owl.  
The peregrine falcon was recently delisted but is still a species of concern as is the northern goshawk. 
 
Water 
Wetland, floodplain, and riparian resources within the Monument are restricted to the narrow canyon 
bottom and a perennial seep found in Cherry Canyon on the south side of the Monument.  In the narrow 
reaches of the drainage, water catchment basins (tinajas) are scoured into Coconino Sandstone bedrock.  
These are filled seasonally by local snowmelt and rainfall and provide important water sources for wildlife.  
In addition, numerous localized seeps have been recorded in the fractures and bedding planes of the 
steep canyon walls.  The only reliable groundwater beneath the Monument is found at a depth greater 
than 450 meters within the regional Coconino Aquifer. 
 
Air 
Walnut Canyon is a Class II air quality area.  Air currents generally flow down and away from the adjacent 
San Francisco Peaks and visible pollutants generally do not accumulate within Walnut Canyon. 
 
Geology and Paleontology 
The geology of Walnut Canyon is described and mapped by Darton (1910), Vandiver (1936), and Benfer 
(1971).  The canyon is eroded into sedimentary rock layers of the Kaibab Limestone and Coconino 
Sandstone formations.  Drainage of Walnut Creek has become entrenched in the canyon as the 
formations were locally uplifted.  More recent volcanic events within the San Francisco Volcanic Field 



Southern Colorado Plateau Network Phase Two – Appendix D – Park Narratives 

 - D48 - 

have influenced the drainage pattern of Walnut Canyon and surrounding canyons (Colton 1936).  
Paleontological resources are exposed in the limestone walls of the canyon.  These have been 
documented in studies and are primarily small mollusk, brachiopod, and bivalve fossils.   
 
Significant Resources 
Intact Faunal Diversity.  Observation records confirm that much of the inherent faunal diversity of the 
canyon is intact.  This is largely attributed to the ruggedness of the canyon terrain, heavy vegetative 
cover, and reliable surface waters.  The long-term closure of the backcountry area within the Monument 
has also minimized human presence and noise disturbance of solitary wildlife species.   
 
Walnut Canyon also protects important habitat for large ungulates, bats, and large predators, such as 
mountain lions (Puma concolor) and black bear (Ursus americanus).  The steep terrain and secluded side 
canyons provide favorable habitat for numerous raptor species, including Cooper's hawk (Accipiter 
cooperii), golden eagle (Aquila chrysaetos), and flammulated owl (Otus flammeolus).  The Mexican 
spotted owl, peregrine falcon, and northern goshawk, among the rarest of raptor species in the 
Southwestern United States, are residents of Walnut Canyon. 
 
Riparian Corridor.  The floor of Walnut Canyon within the Monument harbors approximately 30 hectares 
of well-developed riparian vegetation, which is locally dominated by stands of Arizona walnut (Juglans 
major) and cottonwood (Populus spp.) trees.  The riparian plant community is very rich in shrub, 
wildflower, vine, and a few obligate wetland species.  Pools within Cherry Canyon and reliable seeps are 
the only perennial sources of water within the Monument. 
 
Additional Resources.  Other significant natural resources include 1) intact ponderosa pine forests, 2) 
ephemeral seeps, and 3) diverse plant communities including rare species and species of ethnographic 
importance. 
 
Management Issues 
Impoundment and Diversion of Walnut “Creek” 
The watershed and riparian resources of Walnut Canyon are being altered by upstream impoundments at 
Upper and Lower Lake Mary.  Prior to 1900, the Walnut Creek is believed to have intermittently flowed 
through the bottom of Walnut Canyon on a biannual cycle.  Reliable flows typically occurred early each 
year during the period of spring snowmelt, and less predictable flows likely occurred later each year 
during in the summer and fall thunderstorm season.  The natural hydrology within the Walnut Canyon 
drainage was severely altered when the city of Flagstaff impounded Walnut Creek for use as its public 
water supply.  Collectively, these dams have greatly decreased seasonal water flows within the canyon, 
modified sediment transport, and decreased available moisture.  In the last 70 years, the dewatering of 
the drainage has changed the composition of riparian plants and has likely impacted the diversity of 
aquatic invertebrates and amphibians.  Tree species such as Arizona walnut are not regenerating under 
the current flow regime.  In addition to the impacts from the dams, adjacent land uses are impacting local 
recharge of seeps and springs. 
 
Expansion of Flagstaff 
Flagstaff growth and housing development is occurring near park boundaries, impacting the visitor 
experience and remote character of the Monument, and increasing incompatible adjacent land uses.  
Traffic levels are increasing adjacent to and through the park; ambient light and noise is increasing.  
Residential development could pose external threats in the form of increased unauthorized access to the 
closed backcountry area, trespass by pets, noise, and degradation of the viewshed.  Currently, regional 
haze produced from coal-fired power generating stations affects Flagstaff and Walnut Canyon.  
Development of annexed lands to the north and west of the Monument could significantly increase non-
point source pollution, such as motor and exhaust residue from streets, and fertilizers and herbicides from 
lawns.  In winter, inversion layers in the region exacerbate air pollution issues by trapping the increased 
levels of woodsmoke, car exhaust, and diesel exhaust from the Santa Fe railroad. 
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Restoring Fire Disturbance to Ponderosa Pine Ecosystem 
Fire history and presettlement forest reconstruction studies have shown that the ponderosa pine forest 
along the north rim has changed considerably during the last century.  Prior to 1890, the north rim forest 
experienced a fire every 4 to 8 years, and the forest was composed of fewer, larger pine trees clustered 
in isolated stands with an open understory of diverse grasses, wildflowers, and forbs.  Today, as a result 
of logging the old-growth trees, wildfire suppression, and loss of the herbaceous understory due to 
overgrazing, the forest is dominated by numerous younger, smaller trees and a mid-story of woodland 
species such as Gambel oak, pinyon, and juniper.  The dense pine and woodland canopy is shading out 
the rich understory flora.  Overcrowding of trees combined with the current extended drought stresses the 
pines and could result in the invasion of pine bark beetles. 
 
Disruption of Ecosystem Function 
Walnut Canyon is too small to sustain ecosystem function and maintain inherent biodiversity without the 
cooperation of adjacent land managers.  The canyon lies within a complex of systems that contribute 
external influences on the resources of Walnut Canyon.  In addition to the adjacent land management 
practices discussed above, other external threats include: 1) introduction and spread of invasive plant 
species, 2) grazing impacts on the watershed, 3) proliferation of roads, 4) catastrophic fires coming from 
adjacent lands, and 5) hunting of mountain lions and black bears. 
 
Visitor Use Pressures 
Visitation has increased demands on park resources, resulting in documented loss of some resources 
through erosion, vandalism, theft, and unmanaged use.  Some areas within Walnut Canyon are receiving 
heavy visitor use, which is causing local soil compaction, loss of vegetative cover, and erosion.  This is 
particularly evident in steep terrain or improperly designed and maintained trails.  Collection of plant 
resources requires a permit from the Monument, but it appears that collection of plants or plant parts, 
such as rockmat (Petrophyton caespitosum) and pinyon nuts, does occur without permission.  A section 
of the Arizona Trail that passes the northwest corner of the Monument and the adjacent Coconino 
National Forest are used by local and regional visitors for recreational purposes.  Because of this 
proximity, occasional inappropriate uses occur on Monument property, including trespass, shooting, 
hunting, woodcutting, and vehicle travel. 
 
Additional Concerns 
Walnut Canyon also is being impacted by 1) destruction of vegetative understory by javelina, 2) invasion 
of 23 non-native plant species that could alter native plant communities and wildlife habitats, and 3) global 
climate change. 
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WUPATKI NATIONAL MONUMENT 
Overview 
Wupatki National Monument is located in north central Arizona 53 kilometers north of Flagstaff. Wupatki 
National Monument was established in 1924 (Presidential Proclamation 1721, 43 Stat 1977) to preserve  
several prehistoric pueblos with standing architecture: Wupatki, Wukoki, Citadel, Nalakihu, Lomaki, and 
the two Box Canyon pueblos.  Subsequent legislation added Crack-in-Rock Pueblo to the Monument.  
The size of the Monument has changed several times and currently protects 14,350 hectares of high 
desert directly west of the Little Colorado River and the Navajo Reservation. 
 
The Monument is the only known area in the Southwest where physical evidence from at least three 
archeologically separate ancestral Puebloan cultures (Cohonina, Sinagua, and Anasazi) is found together 
in a number of archeological sites.  The natural and cultural resources within the Monument are known to 
be significant to contemporary native tribes as evidenced by oral history, continuing practices, and the 
archeological record.  Archeological remains of the prehistoric ancestral Puebloan groups are well 
represented, along with historic Navajo and Anglo ranch sites.  The activities of the earlier inhabitants, in 
addition to environmental changes, result in complex cultural landscapes within the Monument. 
 
General Setting and Resources 
Wupatki is located on the western edge of the Painted Desert and is bordered by private and state lands 
to the north, west, and southeast; by the Coconino National Forest to the south; and by the Navajo Nation 
to the east.  The Painted Desert stretches east from Wupatki to Petrified Forest National Park.  The 
Monument overlays the Doney Fault and Black Point Monocline that were formed by the same geologic 
processes that created the Colorado Plateau.  The Little Colorado River flows along the northeast corner 
of the Monument. 
 
Natural Resources 
Wupatki is largely included within the upland watershed that drains the east and northeast San Francisco 
Mountain slopes.  The extensive San Francisco Volcanic Field with prevalent cinder cones characterizes 
the region and lava flows.  Wupatki falls within the Semi-desert Province (Bailey et al. 1994).  The 
Monument is roughly divided in half by the Doney Fault, with each half having distinct geology, elevation, 
and dominant vegetation.  Lower elevations to the east of the Doney Fault are dominated by sandstone 
and shale geologic formations, saline soils, and open desert scrub vegetation.  Higher elevations to the 
west of the fault are dominated by limestone and volcanic formations, fertile soils, and juniper savanna 
and grassland vegetation. 
 
Vegetation and Flora 
Twenty vegetation types have been documented at Wupatki including shrubland, grassland, woodland, 
and some wetland and riparian habitat.  Juniper woodland and savanna, Colorado Plateau grasslands, 
and Colorado Plateau desert scrub communities are the dominant habitat types.  Wetland, floodplain, and 
riparian resources at Wupatki are restricted to the Little Colorado River banks and two perennial springs-
Peshlaki Spring and Heiser Spring.  Wupatki encompasses one of the few native grasslands in the region 
that is not being domestically grazed.  Two unique plant communities have been identified at Wupatki 
(Bateman 1976).  One occurs in the alluvial fan of cinders located at the south end of the Monument, and 
the other exists on the limestone rocks of the Doney Fault in the center of the Monument.  Although these 
areas are generally not critical habitat for the sensitive plants or animals, they harbor numerous plants 
that are rare or endemic (e.g., cottontop cactus Echinocactus polycephalus, Welsh’s lady’s tresses 
Phacelia welshii) and greatly contribute to overall biodiversity within the Monument.  According to current 
records, 267 species of vascular plants are found at Wupatki.  Currently, no federally listed threatened or 
endangered plant species are known to occur at Wupatki. 
 
Fauna 
According to current records, Wupatki supports 145 bird, 46 mammal, and 19 reptile species.  One fish 
species has been recorded in the Little Colorado adjacent to the Monument, the plains killifish (Fundulus 
zebrinus), which is an introduced species.  Several of the mammalian species are bats, including the 
State listed spotted bat (Euderma maculatum), that may rely on subterranean karst formations for shelter.  
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Currently, no federally listed threatened or endangered animal species are known to reside at Wupatki.  
The canyons incised into the Doney “Cliffs” provide important nesting habitat for golden eagle, and are 
the site of a recent range extension record for the western banded gecko (Coleonyx variegatus) (Nowak 
et al. 2003). 
 
Water 
Surface water resources in Wupatki include the Little Colorado River, several springs, washes, and 
arroyos.  The only perennial water sources within Wupatki are Peshlaki and Heiser Springs, located in the 
southeastern portion of the Monument.  A third spring, Wupatki Spring, was active and flowing until the 
mid-1950’s, when the water flow began to diminish for unknown reasons, eventually drying up completely.  
A handful of seeps also issue from the Moenkopi formation in the Wupatki Basin.  The intermittent Little 
Colorado River runs for 2.79 kilometers along the northeast boundary of the Monument.  The Antelope, 
Citadel, Dead Man and Kanaa Washes are the largest drainage corridors that run through the Monument, 
which may have water running in them during and after large rain events.  There are also about 20 
smaller washes and arroyos throughout the Monument that have similar drainage patterns. 
 
Air 
Wupatki is a Class II Air Quality Area.  Although there are some days with poor visibility, air currents 
generally flow down and away from the adjacent San Francisco Peaks and do not allow concentrations of 
most pollutants to accumulate within the Monument. 
 
Geology and Paleontology 
The primary bedrock layers exposed at Wupatki are the Kaibab and Moenkopi formations (McCormack 
1989, Blyth 1995).  The 240 million-year-old Kaibab Formation is made of limestone that formed from 
deposits in a marine environment and contains fossils of marine life that once inhabited the area.  The 
more recent Moenkopi Formation is primarily composed of sandstone deposited during the Triassic 
Period.  To the west of the Doney Fault, surface layers consist of San Francisco Volcano basalts while 
lands east of the Fault are covered by cinder and ash from the Sunset Volcano. 
 
Significant Resources 
Ungrazed Native Grassland.  Wupatki protects one of the few native grasslands in the Southwest that is 
not being grazed by livestock.  Integrity of the grassland is essential for perpetuating native biodiversity 
and natural ecosystem processes.  Grasslands provide important habitat for pronghorn antelope 
(Antilocapra americana); antelope habitat has diminished in other areas of Arizona primarily because of 
habitat fragmentation resulting from development, highway construction, and fencing of formerly open 
range (U.S. Fish and Wildlife Service 1998). 
 
Unique/Limited Features.  Wupatki encompasses two unique vegetative communities – one associated 
with the recent volcanic cinder deposits from the Sunset Crater Volcanic eruption (ca. 900 years ago), 
and the other associated with limestone canyon habitat, which has relatively high species diversity. 
 
Reliable surface waters are rare and extremely important natural resources in and around Wupatki.  
Peshlaki and Heiser springs support small riparian areas and provide the only source of perennial surface 
water for wildlife.  The Little Colorado River flows intermittently, and provides an important riparian 
corridor.  
 
Unique local subterranean features, described as "karst" or "earthcracks", are found within the western 
half of the Monument.  These sinkholes and earthen crack features provide local conduits for 
groundwater recharge and may provide unique habitats for wildlife species, including at least two 
endemic cave invertebrate species (Muchmore 1981). 
 
Sensitive Species.  Although the Monument does not have any threatened or endangered species, it 
does encompass habitat for several plant and animal “species of concern” to U.S. Fish and Wildlife 
Service, Navajo Nation, and/or State of Arizona including cinder lady's tresses (Phacelia serrata), 
Wupatki pocket mouse (Perognathus amplus cineris), spotted bat (Euderma maculatum), ferruginous 
hawk (Buteo regalis), and burrowing owl (Athene cunicularea ssp. hypugaea).  The Monument supports 
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three species of ethnobotanical interest whose distribution is limited: common reed (Phragmites 
communis), gray frosted mint (Poliomintha incana), and Peebles bluestar (Amsonia peeblesii).  
Populations of these species may be affected by possible overcollection for Native American traditional 
uses (Huisinga et al. 2000).  There is also considerable NPS management concern for the status of the 
pronghorn antelope and golden eagle (Aquila chrysaetos) populations within Wupatki. 
 
Additional Resources.  Other important natural resources include 1) scenic vistas, 2) night sky, and 3) natural 
quiet. 
 
Management Issues 
Historic and Adjacent Land Uses 
Prehistoric, historic, and current land uses have undoubtedly altered regional natural systems and 
processes.  Prehistoric peoples relied heavily upon agricultural land use and used fire to modify the 
environment.  Today, 700 years later, soils in these former fields are still different and support different 
plants.  Historic and modern influences include firewood harvesting, agriculture, cattle ranching, hunting, 
mining, fire suppression, community development, road and utility construction, and water impoundment, 
diversion, and pumping.  The riparian corridor along the Little Colorado River has been extremely altered 
as a result of upstream impoundments, irrigation diversions, groundwater withdrawals, livestock grazing, 
uranium mining, and invasion by non-native tamarisk (Tamarix spp.) and camelthorn (Alhagi maurorum). 
 
Maintaining Integrity of Grassland Ecosystems 
In recent history, juniper woodland cover has steadily increased in the Antelope Prairie area at Wupatki.   
This phenomenon has been observed throughout the West.  Although climatic changes have contributed 
to the expansion of woodlands, it appears that land use practices of European settlers have increased the 
density and total area of woodland cover in the last 150 years (Tausch 1999, West 1999).  As dominance 
of woodlands increases, the understory community decreases leading to a concurrent reduction in biotic 
diversity (West 1998).  Periodic wildfire likely played a major role in maintaining the patchy distribution of 
junipers in savanna habitat.  Historic heavy grazing and intentional fire suppression practices appear to 
have disrupted that relationship and have contributed to the dominance of woodlands.  Overgrazing has a 
compound impact of reducing grass cover that could carry a fire through a savanna and favors the spread 
of woody species by diminishing competition with grasses and forbs.  However, as tree density increases, 
the likelihood of catastrophic fire also increases.  When a catastrophic wildfire occurs, the habitat that 
replaces the woodland may not be the native grasslands of the area but a community dominated by 
exotic annuals and short-lived perennials (Tausch 1999, West 1999). 
 
Habitat Fragmentation 
Rural development for “ranchettes” has increased near park boundaries, impacting the visitor experience 
and remote character of the Monument, and fragmenting wildlife habitat.  The proliferation of 
transportation and utility corridors combined with the presence of range fences further fragments suitable 
habitat thereby impairing movement of wildlife and dividing biotic communities into more vulnerable 
components (Bright and van Riper 2001, Sisk et al. 1997). 
 
Habitat fragmentation impacts dispersal of wildlife through destruction of interstitial movement corridors.  
If suitable habitat or cover is not available between habitat islands, then individuals may not be able to 
survive or may not attempt the transit between islands.  For some species, such as pronghorn antelope, 
this could be critical if water resources become depleted requiring that they migrate to another area 
(Bright and van Riper 2001). 
 
Small habitat fragments are more vulnerable to changes in species composition and viability than large 
contiguous tracts.  Partitioning habitat into smaller components increases the proportion of edge habitat 
leading to an increase in the number and population size of transition zone species (that are often already 
abundant) and a decrease in the number and population size of interior species (that are often of 
conservation concern) (Dramstad, et al. 1996).  Small populations are vulnerable to extirpation through 
stochastic events, increased predation pressures, and competition from edge species.  If the distance 
between pockets of suitable habitat is greater than the dispersal capabilities of a species, then over time, 
the isolated population may exhibit genetic inbreeding with corresponding offspring inviability. 
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Water Resources Depletion 
Water resources at Wupatki have been depleted by water impoundment, diversion, and pumping.  The 
springs within WUPA are probably the most severely degraded resources in the Monument, as they were 
developed to provide drinking water for historic ranching and NPS operations.  Available water in the 
Monument may be decreased because most water within the Inner Basin of the San Francisco Mountains 
is completely utilized as part of the public water supply for Flagstaff. 
 
Visitor and Trespass Use Impacts 
Heavy visitation in certain areas of the Monument may result in increased ground disturbance, social trail 
development, introduction and increase of non-native plant species, and disturbance of sensitive wildlife 
species.  Access along the Monument road system is difficult to control, and uncontrolled access through 
neighboring lands has lead to poaching, woodcutting, and off-road vehicle use within Monument 
boundaries. 
 
Additional Management Issues 
Additional management issues include 1) exotic plant invasions, and 2) potential minerals (oil, natural 
gas, uranium) and geothermal development on State Trust lands within WUPA and on surrounding Trust, 
Federal, tribal, and private lands, and 3) reduced visibility from sources such as regional coal-fired 
generating stations, vehicle emissions, and dust-storms. 
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SCPN Park document(s) used in this park narrative: 
Wupatki National Monument – Draft General Management Plan/Environmental Impact Statement, 2001 
 
 
YUCCA HOUSE NATIONAL MONUMENT 
Overview 
Yucca House National Monument is located in southwestern Colorado between the towns of Towaoc and 
Cortez. The Monument was established in 1919 to preserve a large, unexcavated Ancestral Puebloan 
archeological site (Presidential Proclamation 1549, 41 Stat. 1781). The present Monument is a 14 hectare 
island of undeveloped habitat in a partly agricultural setting. The integrity of the Monument's natural 
resource base is highly dependent on the conservation of neighboring lands. 
 
The Yucca House site is a pristine example of a "valley pueblo" archeological site, the large settlement 
type once found throughout the Montezuma Valley situated around a dependable spring. This valley 
probably was the major population and cultural center of the prehistoric Mesa Verde branch of the 
Anasazi Cultural Tradition, although the architectural style of the buildings here were substantially 
influenced the Anasazi Culture of Chaco Canyon in New Mexico.  
 
General Setting and Resources 
The Monument lies in the Montezuma Valley between the Mesa Verde cuesta and Sleeping Ute 
Mountain. The location is near the edge of an extensive farming and ranching rural area that is partially 
under irrigated cultivation. To the west, north, and south of the Monument are the sparse woodlands at 
the foot of Sleeping Ute Mountain on the Ute Mountain Ute Indian Reservation and the desert shrublands 
of the valley floor. 
 
Natural Resources 
The biotic community of Yucca House is characterized as belonging to the Colorado Plateau Semi-Desert 
Province (Bailey et al. 1994). Habitats consist of arid to semi-arid vegetative communities. Although the 
Monument is very small, the presence of perennial surface water supports a greater variety of plants than 
what otherwise might occur, and it attracts animals from the surrounding lands. Species diversity and 
other natural resource values are far more varied and significant when considered within the ecological 
context that includes the neighboring lands. 
 
Vegetation and Flora 
A desert-shrub community, including four-wing saltbush (Atriplex canescens), greasewood (Sarcobatus 
vermiculatus), and wolfberry (Lycium pallidum), forms the dominant habitat in the central area that 
includes the main archeological site. Isolated pockets of wetland habitat are associated with the perennial 
spring. To the south and west of the main archeological site, hill tops and slopes support Utah juniper 
(Juniperus utahensis), big sagebrush (Artemisia tridentata), and a little pinyon pine (Pinus edulis), along 
with other woody and herbaceous plant species. Based on current records, 73 species of vascular plants 
are found at Yucca House including 21 that are not native. None of the Monument's plants are listed as 
threatened or endangered. However, two species of concern grow in the Monument, Great Basin 
centaury (Centaurium exaltatum) and pink flower hedgehog cactus (Echinocereus fendleri). 
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Fauna 
Current records indicate that 2 amphibian, 75 bird, 25 mammal, and 10 reptile species have been 
reported at Yucca House. Although no threatened or endangered animal species breed in the Monument, 
bald eagles are seen in winter and peregrine falcons nest in the neighboring cliffs and crags and hunt 
over the whole valley. The collapsed multi-stored masonry structures in the Monument, largely heaps of 
rocks, provide important cover and hibernacula for many reptiles, especially snakes. 
 
Water 
Water resources at Yucca House consist of three highly mineralized, perennial springs and the small 
wetlands supported by their short-distance flows. These three sites are in close proximity and may or may 
not be issuing from the same subterranean source. The middle spring is the largest of the three and is the 
only dependable natural source of surface flow. The south spring's flow may be enhanced from imported 
water at the stock pond immediately west of the Monument. 
 
Air 
Yucca House is designated as a Class II park under the Clean Air Act. Air quality measurements here can 
be extrapolated from data collected nearby at Mesa Verde National Park. 
 
Geology and Paleontology 
Yucca House is situated on the Juana Lopez Member of the Mancos Formation, a late Cretaceous 
marine deposit of silty shales with calcarenite (fossiliferous limestone) layers containing fossil ammonites 
and bivalves. A fossilized bone from a long-necked plesiosaur (marine reptile) was found nearby outside 
the Monument. Quaternary terrace gravels, pediment deposits, alluvium, and loess soil cover much of the 
area's surface. The paleontology of the area is of major significance in the prehistoric building materials 
chosen by the Anasazi of Yucca House. 
 
Significant Resources 
Water Resources.  An important feature at Yucca House is the presence of a perennial spring that 
provides dependable surface water in an otherwise arid landscape. The spring supports a diverse 
wetland plant community and is used by many wildlife species. 
 
Wildlife Corridor.  The position of Yucca House within a partly agricultural landscape serves as a valuable 
link in a rural wildlife movement corridor between the two higher landforms of Mesa Verde and Sleeping 
Ute Mountain.  
 
Natural Vegetation.  Although a small area, Yucca House sustains an island remnant of largely natural 
vegetation that has been protected for many years from the intense grazing and cultivation that occurs on 
many neighboring lands. 
 
Management Issues 
Adjacent Land Use 
Land uses of adjacent properties, particularly grazing and irrigated farming, have fragmented natural 
habitats, changed migratory patterns of wildlife, and reduced the biotic diversity around the Monument. 
Private lands completely surround the borders of Yucca House. Further development of these lands could 
completely isolate the movement of wildlife species from adjacent wild lands. Agricultural use of 
pesticides may contribute to a low productivity of the invertebrate food base and aquatic biota. In 
combination, these land uses and management practices may reduce the existing level of biotic diversity 
at Yucca House. 
 
Exotic Plant Species 
Nonnative cheatgrass (Bromus tectorum) constitutes 85 percent of the dominant understory. Neighboring 
agricultural and ranching activities enhance the spread of exotic plant species such as Russian knapweed 
(Acroptilon repens), cheatgrass, and musk thistle (Carduus nuttans) that already occur at the Monument. 
The long-term presence of an open irrigation ditch and ponds, roads, livestock grazing, and farming 
activity has facilitated the spread of exotic species by disturbing the soil and discouraging native species.  
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Water Quality and Quantity 
Although water resources at Yucca House are important to the biotic communities of the area, the quality 
and quantity of these resources may be changing. Inflow of irrigation water from surrounding agricultural 
fields could be adversely impacting water quality through the influx of pesticides, salts, bacteria, and 
excess nutrients. The quantity of water may be declining due to drought and water withdrawals from the 
regional aquifer. Recent changes in irrigation water distribution patterns threaten the persistence of well-
established wetland and riparian areas. 
 
Park Management 
With the traditional focus on archeological resources, park management strategies have yet to make pro-
active natural resource conservation a long-term priority for the Monument. 
 
Air Quality 
The Monument’s air quality has been degraded by a variety of point and non-point pollution sources, most 
notably coal-fired power plants and natural gas production in the Four Corners region. 
 
Additional Concerns 
Yucca House also is being impacted by 1) unsupervised and undirected visitor usage that impacts the 
Monument’s resources including archeological sites, 2) threats to wildlife from diseases such as sylvatic 
plague, chronic wasting disease, and West Nile virus, 3) occasional trespass of livestock from adjoining 
ranches, 4) cutting and burning of native vegetation to facilitate archeological research activities or to 
reduce the potential risk of wildfire spread, and 5) lethal predator control by local livestock interests. 
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SCPN Park document(s) used in this park narrative: 
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Appendix E:  Resource/Issue and Vital Signs Selection Databases 
 
Resource/Issue Ranking Database 
The resource/issue ranking database was developed using Steve Fancy’s attribute prioritization database 
as a model.  This database is available on the NPS monitoring intranet at: 
http://www1.nrintra.nps.gov/im/monitor/cupn/ScoreAttributes.mdb).  Instead of ranking or scoring potential 
vital signs, the resource/issue database was used to score the significance of natural resources and the 
importance of resource concerns, or issues, for each park.  The scores were then summarized by high 
score count and by average score for each category, resulting in a ranked list of the most significant 
resources and the most important issues for the network as a whole.  This database will be used 
throughout the planning process and can be merged into a vital signs prioritization exercise using the 
attribute prioritization database on which it was based. 
 
Using categories from several other I&M Networks as a starting point, a hierarchical list of categories was 
developed into which each piece of park-specific information was placed.  Starting with the premise that 
planning for a good monitoring program requires identifying important system drivers and focal resources, 
we began by dividing the world into resources and issues (stressors).  Resources and stressors are 
inextricably linked, however separating them allowed us to clarify what resources are most significant and 
which stressors are of most concern to parks. Tables E1 and E2 summarize the issue and resource 
categories used in the prioritization exercise. 
 
 
Table E1.  Issue categories used in the resource/issue ranking database. 

Type Class  Category 
Agricultural uses 
Industrial/extractive uses 
Rangeland and Forest Land Management 
Urban/suburban/rural development 

Adjacent and upstream land uses 

Water management - quantity 
Exotic plants, animals & diseases Invasive exotics 

Disruption of fire regimes 
Disruption of flood effects 

Large scale natural disturbance 
and its disruption 

Extreme events (flood, drought) 
NRM - Fire and fuels management 
Maintenance and operational activities 
NPS Development 
Cultural resource management 

NPS Operations 

NRM - Resource management and restoration 
Permitted livestock grazing and extractive use 
Prohibited uses and collection 
Cultural resource use 
Visitor use - lake, river and shoreline 

Park uses 

Visitor use - terrestrial 
Previous land uses Previous land uses 

Altered vegetation structure or composition 
Arroyo/Riparian corridor instability 
Contaminant accumulation 
Declining air quality 
Declining plant/animal populations 
Declining water quality 

Resource condition 

Erosional loss of soil, geologic and paleo resources 
Viewshed, soundscape intrusions Viewshed, soundscape intrusions 

Issue 

Weather/climate change Weather/climate change 

www1.nrintra.nps.gov/im/monitor/cupn/ScoreAttributes.mdb
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Table E2.  Resource categories used in the resource/issue database. 
 

Type Class Category 
Air resources Clear skies with low pollution 

Dominant vegetation communities 
Fauna - T&E species 
Flora - T&E species 
Fauna - native species/communities of special 
interest 
Flora - native species of special interest 

Communities, Habitats and 
Populations 

Unique or sensitive habitats or vegetation 
communities 
Ecosystem structure and function Ecosystem – Landscape 
Unfragmented landscapes 
Geologic features and processes 
Volcanic features and processes 

Geologic and paleo resources 

Paleobotanical and paleozoological resources 
Natural landscapes as backdrop for cultural 
resources 

Resources relating to wildland 
values 

Wilderness and natural areas 
Soil and soil quality Soil resources 
Soil biota 
Ground water 
Intermittent/ephemeral water sources 
Lakes and ponds 
Perennial streams, rivers 

Resource 

Water resources 

Seeps and springs 
 
Separate and slightly difference systems were used to score the resources and issues separately.  Issues 
were rated as ‘Very High’, ‘High’, ‘Moderately High’, ‘Present’ or ‘Not Present’, and a limit was set on how 
many issue categories could be rated as Very High, High and Moderately High.  Resources were rated as 
Very Significant, Significant, Present or Not Present, with no limits applied.  See Table E3 for the 
numerical scores and limits placed on each of these ratings.    
 
Table E3.  Numerical scores and category limits for Resource and Issue ratings. 
Resource Rating Score  # of Categories 

Allowed 
 Issue Rating Score # of Categories 

Allowed/Park 
Very Significant 4 Unlimited  Very High 4 3 
Significant 3 Unlimited  High 3 3 
Present 1 Unlimited  Moderately High 2 4 
Not Present 0   Present 1 Unlimited 
    Not Present 0  
 
Forms were developed in order to ease the process of rating categories.  The forms allow each park user 
to select a radio button indicating the category’s rating for that park.  By clicking on the Details button, a 
user can view and/or edit the park specific pieces of information for each category.  See figures E1 and 
E2 for screen shots of a park resource and a park issue ranking form.  These forms allow inexperienced 
users to quickly view resource and issue categories, their park’s specific information in each category, 
and to rate each category for their park. 
 
Queries were constructed to calculate average scores for each category and the number of ratings (e.g. 
Very Significant, Very Important, etc.) each category received.  These two summarization methods can be 
displayed on-screen in adjacent windows, and exported to MS Excel or Word.   
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Figure E1. Screen shot of issue ranking form and park specific pop-up form for Chaco Culture 
NHP. 

 
 
 
 
 
Figure E2: Screen shot of the resource ranking form and park specific pop-up for Mesa Verde NP.  
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Vital Signs Selection Database 
The Vital Signs Selection database was used during the topical workshops by network staff to record the 
vital signs proposed by workshop participants, to summarize criteria scores for each vital sign, and to 
summarize vital sign sets.  The database was useful for several reasons: fast and easy data entry of 
participant criteria scores (Figure E3), fast and easy calculation of criteria scores by participant (Figure 
E4) and for the entire workshop (Figure E5), and a digital record of proposed and scored vital signs for 
each workshop.  It also allowed network staff to change the weight of each ranking criteria used in scoring 
vital signs, if deemed necessary by the technical committee or science panel.    
 
Figure E3.  Data entry form used to records each participant’s scores for each vital sign. 
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Figure E4.  Query showing each participant’s score of the topical workshop vital signs. 

 
 
Figure E5.  Query showing final weighted vital sign score for the faunal workshop. 
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Appendix F:  SCPN Resource Management and General Management 
Plans Summaries 
 
Introduction 
This appendix includes summaries of various documents relating to natural resource management written 
by the staff of individual parks and monuments.   
 
Park resource management plans, if existing and available, were examined and information on natural 
resources extracted and summarized.  The language of park plan authors was used when possible in the 
summaries.  To determine important natural resources, goals, objectives, and issues, we preferred 
resource management plans over other documents.  If resource management plans were not extant or 
available, general management plans, which included environmental impact statements, were examined 
and information on natural resources extracted and summarized.  In addition, related cultural objectives, 
issues, and projects were included when they overlapped with those of natural resources.  Project 
statements (unfunded) were included when available.  The reviewer used some editorial privilege to keep 
the statements concise, and to include important resources and issues found throughout the various 
plans that may not have been included under specific topics of natural resources or issues. 
 
Aztec Ruins National Monument 
Resource Management Plan Date: 1996 
 
Founding Legislation:  January 24, 1923; Presidential Proclamation 1650 (42 stat. 2295, appended):    
 
In recognition of a "ruin of great antiquity and historical interest," President Warren G. Harding established 
the national monument "with a view to the preservation of said ruin for the enlightenment and culture of 
the Nation."  
 
Natural Resources:  

• Water in the form of groundwater, irrigation systems, and one border along the 
Animas River 

• Riparian, lowland, and upland biotic communities 
• Old orchards and fields 
• Cultural and natural resources inter-related by human use from prehistoric to historic 

periods 
 
Natural Resource Management Goals: 

• Identify, evaluate, protect, preserve, and mitigate deterioration and vandalism of 
prehistoric and historic resources that trace human use of the area. 

• Eliminate or mitigate all significant external and internal threats to the cultural 
resources of the monument. 

• Manage the natural resources to preserve the scene and to complement the 
monument's cultural resources, visitor uses and facilities. 

• Ensure an adequate supply of water for current and future needs. 
   
Natural Resource Management Objectives: 
 
Major Natural Resource Issues: 

• Presence of exotic species of grasses and plants, especially cheat grass, throughout 
the monument 

• Presence of plants and grasses on or near ruin walls, whose roots dig into and break 
down the wall fabric 

• Road tracks, social trails, landscaped areas, and work areas that need revegetation 
with native plants 
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• Water rights are known for the 38 acres within the monument, but not for all parcels 
within the expanded boundaries. An existing water right associated with irrigation 
needs documentation of use to assure its continued existence. Another water right 
associated with a well needs to be either exercised or the well sealed. 

• Possible deer poaching within monument boundaries 
• A thriving prairie dog colony exists just north and east of presently managed acreage 

and within the expanded boundaries  
• Feral dogs, cats, and rabbits (domestic rabbits that have been dumped in the 

monument) frequently wander or hunt in the monument and disturb some of the 
native animals 

• Four gas wells not yet acquired; once acquisition of any of these wells transpires, the 
monument will incur significant additional responsibilities in connection with 36 CFR 
9B and other regulations 

 
Project Statements/ Important Needs  

• Hire natural resources management specialist 
• Revegetate rooms and picnic area, plant screening 
• Reduce vegetation fire hazard 
• Control exotic/noxious plants and animals 
• Research water rights 
• Repair well 

 
Bandelier National Monument 
Resource Management Plan Date: January 1995 
 
Founding Legislation:  1916 (Presidential Proclamation 1322 (39 Stat. 1764): 
 
“ . . .certain prehistoric aboriginal ruins…, are of unusual ethnologic, scientific, and educational interest, 
and it appears that the public interests would be promoted by reserving these relics of a vanished people, 
with as much land as may be necessary for the proper protection thereof. . . “ 
 
Mission:  To provide the means for staff and the public to preserve, protect, understand and enjoy the 
cultural and natural resources of Bandelier National Monument through an integrated program where 
management activities support naturally-functioning ecosystems consistent with cultural resource 
preservation needs. 
 
Natural Resources: 

• Superb combination of cultural, natural, and wilderness values 
• Vegetation types ranging from riparian through piñon-juniper, ponderosa pine, mixed 

conifer, and high elevation grasslands and meadows 
• Animal species include elk, deer, mountain lions, bobcats, neo-tropical migratory 

birds, resident birds (including Mexican spotted owls), reptiles and amphibians 
(including Jemez Mountains salamanders), and many other species characteristic of 
the range of elevations and habitats included in the park 

• Aquatic resources including the Rio Grande and tributary streams and associated 
wetlands and riparian areas 

• Geologic resources include volcanic substrates like basalt, tufa; Jemez Mountains 
part of largest caldera in North America 

• Archeological sites ranging from prehistoric to historic structures reflecting cultural 
landscape and use of natural resources by humans 

 
Natural Resource Management Goals: 

• Preserve, protect, interpret, and manage the cultural and natural resources of the 
park within naturally functioning ecosystems, consistent with cultural resource 
preservation 
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• Provide the means and opportunity for people to study, understand, and enjoy the 
resources of the monument without unduly compromising the resources or 
ethnographic values 

 
Natural Resource Management Objectives: 

• Restore and sustain natural ecosystem conditions and processes unimpaired from 
human influence, to the degree practicable given landscape and cultural resource 
constraints 

• Carry out a wilderness management program which preserves and restores resource 
conditions and values defined by law and policy and is compatible with cultural 
resources management objectives 

• Preserve a comprehensive natural resource base for its value to promote scientific 
and educational interest 

 
Major Natural Resource Issues: 

• Loss of naturally-functioning ecosystems resulting in: 
− Severe accelerated soil erosion in the piñon-juniper zone 
− Unstable plant communities and unnatural vegetation change (parkwide) 
− Missing components such as key predators and naturally occurring fires 

• Lack of scientific data to make informed decisions 
• Park boundaries that ignore ecological principles 
• Human use/visitation above resource carrying capacity 
• Incompatible external activities and development 

 
Project Statements/ Important Needs 

• Mitigate accelerated soil erosion test methodology 
• Evaluate effects of unnatural ungulate population levels 
• Inventory and monitor soils 
• Inventory and monitor sensitive animals 
• Ensure effective planning and compliance 
• Develop and maintain a Geographic Information System 
• Characterize piñon-juniper ecosystem  
• Continue integrated fire ecology research 
• Restore impacted developed sites 
• Inventory and monitor biotic resources 
• Inventory and monitor sensitive plants 
• Manage hazardous materials, mitigate DDT contamination 
• Manage wilderness/backcountry impacts 
• Create/manage a natural resource reference system 
• Control pests (Integrated Pest Management) 
• Design/implement sustainable water quality monitoring 
• Research predator populations/Assess black bears 
• Research predator populations/Assess mountain lions 
• Remove feral and trespass cattle 
• Manage wilderness/backcountry impacts – clean up management debris 
• Monitor air quality and related values 
• Update water resources management plan 
• Investigate and maintain water rights 
• Mitigate park operation impacts/correct sewage system screen 

 
Canyon de Chelly National Monument 
Resource Management Plan Date: 1987 
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Founding Legislation:  February 14, 1931; Presidential Proclamation 1945 (35 Stat. 2119):  “To care for, 
maintain, preserve, and restore the prehistoric ruins, or other features of scientific or historical interest 
within the area.” 
 
Natural Resources:  

• Archeological sites representing occupations between A.D. 350 and 1300, with 
indications of occupation by historic Puebloans from A.D. 1300 to about 1700, and of 
Navajo people from 1700 until the present; the sites represent cultural adaptations to 
the environment and the use of natural resources of the area 

• Riparian vegetation 
• Hanging gardens 
• Plant communities typical of the range of elevations encompassed by the monument 

boundaries 
• Animal communities typical of the range of elevations encompassed by the 

monument boundaries 
• Peregrine falcons 
• Examples of small farms in semi-arid environment 

 
Natural Resource Management Goals: 
 
Natural Resource Management Objectives: 

• To protect and preserve the ruins and other archeological features and the natural 
history values of Canyon de Chelly National Monument 

• To provide for a comprehensive visitor information program, which will emphasize 
pre-history, Navajo culture, ecology, and other natural history values. 

• To maintain close cooperation with the Navajo Nation, Navajo community College, 
federal, state, and local entities, in order to achieve the monument’s purpose of 
preservation and use 

• To perpetuate the archeological features, and ecological communities, without 
impairing the quality of park resources 

 
Major Natural Resource Issues (these are also project statements): 

• Erosion and arroyo control – erosion and arroyo cutting threaten cultural resources 
along the floors of Canyon de Chelly and Canyon del Muerto 

• Need for increase in budget and staffing to properly manage resources 
• Need for Integrated Pest Management program – grasshoppers,; ground squirrels, 

skunks, domestic cats and dogs (possible disease vectors) 
• Plant and weed management – control tamarisk in canyon 
• Peregrine falcon survey 

 
Chaco Culture National Historical Park 
Resource Management Plan Date: 1995 
 
Founding Legislation:  March 11, 1907; Presidential Proclamation 740 (35 Stat. 2119): 
 
“. . . the extensive prehistoric communal or pueblo ruins . . . are of extraordinary interest because of their 
number and their great size and because of the innumerable and valuable relics of a prehistoric people 
which they contain, and it appears that the public good would be promoted by preserving these 
prehistoric remains as a National Monument with as much land as may be necessary for the proper 
protection thereof.”  
January 10, 1928; Presidential Proclamation 1826 (45 Stat. 2937):  Added additional 800 acres- 
 
December 19, 1980, Public Law 96-550:  Bill passed by Congress to enlarge monument boundaries and 
rename the monument, as well as to provide for preservation, protection, research, and interpretation of 
the Chacoan System.  In 1987, the park was placed on the UNESCO World Heritage list.  
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Natural Resources:  

• Archeological sites spanning a time period from 800 B.C. to about A.D. 1275, varying 
in size from lithic scatters to complex pueblos with hundreds of rooms, and including 
carved stairways, ramps, water control systems, calendrical markings, and other 
features; Navajo occupation (circa 1650 to 1950) is reflected by seasonal camps, 
permanent habitations, gathering sites for minerals and plants, and sacred sites; 
there is evidence of Anglo occupation of the canyon in the form of a succession of 
trading posts as well as sheep camps, military camps, archeological investigation 
camps, and other evidence 

• Archeological sites from all occupations reflect cultural adaptations to a severe 
landscape and difficult environment for human subsistence 

• The park is the largest area managed by NPS in the San Juan Basin, and represents 
a valuable opportunity to preserve the biodiversity of the region 

• Outstanding night sky 
• Good air quality (Class II designation) 
• Upper Sonoran life zone with associated plant communities that have been ungrazed 

for many years; important as comparison for rest of San Juan Basin which is mainly 
unprotected 

• Chaco Wash, and intermittent stream channel, and its tributaries support semi-
riparian vegetation; seeps and springs and associated vegetation 

• Bird, mammal, reptile, and amphibian species typical of Upper Sonoran life zone 
• Opportunities for solitude and to have access to the park’s archeological sites  

 
Natural Resource Management Goals: 
 
Natural Resource Management Objectives: 

• Acquire surface jurisdiction for remaining land (state and tribal allotments) within 
expanded boundaries, and fence all new boundaries 

• Preserve and protect the park resources in accordance with the 1972 UNESCO 
“convention Concerning the Protection of the World Cultural and Natural Heritage” 
which has identified Chaco Culture National Historical Park as containing exceptional 
and universal cultural values 

• Develop and maintain an active consultation program with park-associated Pueblo 
and Navajo governments in compliance with NAGPRA and for the purposes of 
informing these groups about resource management and research issues and 
seeking their input and recommendations on resource actions 

• Participate in the Interagency Management Group, and organization of federal 
agencies, local governments, and Navajo Nation to coordinate the protection, 
preservation, and interpretation of Chaco resources 

• Minimize external threats to Chaco (air and water quality, ambient noise, night sky, 
ground disturbance of related cultural landscapes, viewsheds, etc.) by working with 
other management agencies and private entities to limit/mitigate adverse effects 
resulting from development activities on their lands 

• Assure that all new information and syntheses of data are incorporated into visitor 
interpretation programs where appropriate, and into visitor use management planning 

• Access and catalog into the ANCS database all objects housed in the Chaco 
collection in order to account for, conserve, and make these objects and archives 
available for research 

• Maintain a repository for the curation, study, and exhibition of the Chaco collection in 
collaboration with the Maxwell Museum of Anthropology at the University of New 
Mexico 

• Monitor/mitigate the impacts of visitor activities and restore natural qualities to such 
impacted sites within the park 
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• Prevent adverse impacts to the outstanding night sky resources by assuring all park 
development adheres to a night sky preservation policy 

• Continue acquisition of baseline resource data necessary to manage, preserve, and 
protect natural and cultural resources 

• Implement a long-term monitoring program for park resources 
• Provide resource information to appropriate park divisions to facilitate management 

and protection of these resources 
• Encourage research and data-gathering activities as directed by Congress 
• Implement erosion control program based on proposed recommendations from NPS 

Water Resources Division for the purpose of protecting threatened resources 
• Prevent development in the primary visitor-use areas (no additional roads, no 

expansion or addition of parking areas, and no further support facilities) that would 
adversely impact the historic landscape and setting 

• Implement the existing general development plan to reroute the main park road to the 
Gallo Wash entrance, and subsequently close the existing north entrance 

• Continue to monitor underground water quantity and quality to provide baseline 
information for assessing potential changes in the hydrological regime that could 
result from nearby development 

• Implement a long-term prescribed fire management program that will follow the Fire 
Management Plan; the plan emphasizes use of fire to remove alien species, assist in 
the rejuvenation of indigenous species and remove potential wildland fire hazards 

 
Major Natural Resource Issues: 

• Fencing new park boundaries for protection and preservation 
• Current grazing on addition lands 
• Visual, biological, and other impacts associated with adjacent land use 
• External threats from grazing, unplanned access, and low-flying aircraft 
• External threats from energy development in surrounding areas; strip mine and 

power plant proposed near park; oil and gas exploration and extraction 
• Erosion control and monitoring 
• Lack of basic resource data 
• Lack of a long-term monitoring program (biotic and geophysical) to ascertain impacts 

to the pare resources and direct management actions 
• Lack of an automated/digital database to facilitate data storage, retrieval, and 

manipulation/use 
• Large numbers of visitors are having a significant impact on the park’s fragile desert 

vegetation 
• Increasing access to park will have greater effects on park resources 
• Maintaining feeling of solitude and access to archeological sites 
• Development of a vegetation management program 
• Development of a parkwide Integrated Pest Management program 
• Air quality – need for monitoring in park; development around park will affect 
• Increase in natural resources base funding sufficient to add staff, supplies, training, 

vehicle, and travel 
 
Project Statements/Important Needs 

• Determine erosion threats/implement protection 
• Use native grasses to control weeds in park ruins 
• Continue program to protect park resources 
• Computer index to resource management files 
• Conduct ambient noise level survey 
• Continue funding for natural resources management 
• Develop natural resources training program 
• Increase natural resources project support 
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• Conduct external threats monitoring 
• Monitor external threats to air quality  
• Implement/monitor night sky preservation plan 
• Determine aircraft overflight effects on resources 
• Determine and preserve park viewsheds 
• Inventory ongoing/potential mineral development 
• Develop hazardous materials/oil spill contingency plan 
• Survey vegetation create map in GIS format 
• Survey rare/threatened/endangered plants 
• Update park herbarium 
• Inventory and manage alien plants 
• Develop/implement revegetation/reclamation plan 
• Eradicate tamarisk 
• Research grazing impacts on vegetation/soils/fauna 
• Remove grazing improvements 
• Conduct regional park baseline data/research 
• Implement wildlife observation record system 
• Inventory and monitor mammal populations 
• Conduct mule deer population dynamics research 
• Inventory and monitor bats 
• Inventory and monitor bird populations 
• Inventory and monitor raptors 
• Inventory and monitor reptiles and amphibians 
• Inventory and monitor invertebrates 
• Inventory and monitor water resources 
• Fence new park boundaries 
• Develop/implement wildland fire management plan 
• Conduct burns to remove hazardous fuels 
• Develop/implement Integrated Pest Management plan 
• Implement Geographic Information System plan 
• Survey paleontological resources 
• Conduct soil survey and prepare soil map 
• Conduct cliff face monitoring 
• Rehabilitate abandoned mineral/mine lands 
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El Malpaís National Monument 
Resource Management Plan Date: May 1997 
 
Founding Legislation:  December 31, 1987; Public Law 100-225:   
 
“ In order to preserve for the benefit and enjoyment of present and future generations, that area in 
western New Mexico containing the nationally significant Grants lava flow, the Las Ventanas (Candelaria) 
Chacoan Outlier Archaeological Site, and other significant natural and cultural resources, there is hereby 
established the El Malpaís National Monument. . .” 
 
Mission:  It is the Mission of El Malpaís National Monument to preserve, protect and ensure visitor 
understanding of the unique lava fields and associated natural and cultural resources and perpetuation of 
these ecosystems for the benefit of present and future generations. 
 
Natural Resources: 

• Geologic features, including examples of successional eruptive events, 11 volcanoes, 
some of the longest lava tube systems in U.S., and diverse associations of volcanic 
landforms 

• Geologic features create unusual biological habitats (including kipukas, or islands of 
soil isolated from grazing by lava flows), successional ecology, and cave systems 
(including perennial ice caves) 

• Cultural landscape includes Paleo-Indian, archaic period, a Chacoan outlier, historic 
use by five Native American tribes and Spanish, Mexican, and Anglo exploration and 
settlement 

 
Natural Resource Management Goals: 

• Preserve, understand, and protect the cultural and natural resources of the 
monument within naturally functioning ecosystems, consistent with cultural resource 
preservation 

• Provide the means and opportunity for people to study, understand and enjoy the 
resources of the monument without compromising the resources or ethnographic 
values 

 
Natural Resource Management Objectives: 

• To identify, inventory, protect, and interpret the natural resources of the monument 
from an ecosystem orientation, and document critical resources for biophysical 
change, and modify management practices that have adverse effects on those 
resources based upon scientific research, assessment and monitoring, legal 
requirements, NPS policy, and sound management practices 

• To encourage, administer, and coordinate sound scientific research of identified 
needs for the natural and cultural resources of the monument 

• To identify and ensure the special protection and management of all rare, threatened, 
and endangered species and their critical habitats, and also of unique, sensitive, and 
endemic plant and animal associations/communities 

• To reintroduce bighorn sheep to the monument in cooperation with the New Mexico 
Department of Game and Fish, the Bureau of Land Management, and the U.S. Fish 
and Wildlife Service; and to identify other extirpated species for future reintroduction 

• To identify and eliminate exotic species and to prevent the introduction of new 
species within the monument 

• To establish wildland fire use for resource benefit (WFU) as the primary fire 
management strategy within the monument.  To utilize management ignited fire in 
those portions of the park where WFU is not possible, due to hazardous fuels 
buildup, public safety, and property concerns, in a manner that simulates the natural 
ecosystem function of fire as determined through fire ecology/history research 
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• To manage visitor use within environmental/ecosystem and social carrying capacities 
that promote the preservation of the monument’s natural and cultural resources 

• To preserve the monument’s wilderness resource, including its high solitude and 
natural quiet value 

• To secure title to the remaining private lands within the monument boundary 
necessary to preserve the natural and cultural resources 

• To establish an active consultation program, and as necessary, cooperative 
agreements with agencies, Indian tribes, and local government to protect and 
maintain monument lands and resources 

• To mitigate or minimize external threats through an active cooperative land use 
planning program 

• Provide natural and cultural resource information to appropriate monument division to 
educate and facilitate management, interpretation, protection, and maintenance of 
these resources 

• To implement Geographic Information System (GIS) technology into operations and 
projects 

 
Major Natural Resource Issues: 

• Lack of comprehensive baseline data for all resources 
• Lack of organized data management system 
• Lack of comprehensive inventory and monitoring program 
• Absence of complete and accurate boundary survey, posting and fencing 
• Development outside monument boundaries 
• Acquisition of inholdings 
• Inholdings grazed, logged, mined, etc. 
• Increase in requests for permits for scientific studies 
• Lack of public awareness of relationships with nearby tribes 
• Coordination with other agencies 

 
Project Statements/ Important Needs 

• Develop an inventory and monitoring program 
• Implement the fire management plan 
• Implement the grazing management plan 
• Complete a comprehensive plant/animal inventory 
• Conduct and inclusive cave resources inventory 
• Continue fire history/fire ecology study 
• Develop a wildlife management plan 
• Develop restoration plan for Agua Fria Creek 
• Conduct water resources monitoring/management 
• Develop cave resource management plant 
• Perform bat habitat, dynamics and visitor use study 
• Accomplish vegetation management plan 
• Develop an abandoned mining lands restoration plan 
• Conduct desert bighorn sheep reintroduction 
• Restoration of grazing lands 
• Implement hazardous fuel reduction program 
• Execute ice cave paleo-climate study 
• Establish an air quality monitoring program 
• Conduct lava flow age(s), extent, and composition 
• Conduct ethnographic research 
• Inventory environmental influences on cultural resources 
• Survey and fence the monument boundary 
• Establish a geographic information system 
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• Establish research priorities 
• Develop a natural/cultural resources bibliography 
• Continue dendrochronological paleo-climate research 
• Implement land use planning with neighbors 

 
El Morro National Monument 
Resource Management Plan Date: 1999 
 
Founding Legislation:  December 8, 1906; Presidential Proclamation 695 (34 Stat. 3264):   
 
To protect “. . . the rocks known as El Morro and Inscription Rock in the Territory of New Mexico . . . which 
are of the greatest historical value . . .”    
 
June 18, 1917:  To protect “. . . certain lands within the state of New Mexico containing ruins of 
archeological value . . ” 
 
Congress passed Public law 96-550 on December 19, 1980, changing the status from a national 
monument to a national historic park, enlarging the original monument boundary and mandating 
protection for selected Chaco Sites on land administered by other public, tribal, and private entities 
(Public L. 96-550, Title V, Section 501, December 19, 1980, 94 Stat. 3227). 
 
Chacoan Outliers Protection Act of 1995 (Public Law 104-11) amended Title V of Public Law 96-550 in 
May, 1995.  The act provides the legislative mandates necessary to support the Navajo nation and other 
entities in preserving Chaco Culture Archeological Protection Sites in the San Juan Basin and 
surrounding areas.  
 
Natural Resources:  

• Mesa and headland known as El Morro or Inscription Rock, and the semi-permanent 
pool of water located at the base of the outcrop 

• Inscriptions along the cliff-face include petroglyphs dating from approximately A.D. 
1000, inscriptions by Don Juan de Oñate in 1605, and those of many other European 
explorers, travelers, and military men, including Lieutenant J.H. Simpson in 1849 

• Archeological sites dating from approximately 800 B.C. to 1275 A.D. for “Chacoans,” 
and Dine or Navajo sites circa 1650 to 1950 are physical evidence of human ability to 
use natural resources of the area in the past 

• Because of the long continuum of geologic and human history represented by the 
rock and its inscriptions as well as the archeological sites present in the monument, 
El Morro is a handbook of cultural and natural history of the Southwest 

 
Natural Resource Management Goals:   

• “To conserve the scenery and the natural and historic objects and the wildlife therein 
and to provide for the enjoyment of the same in such manner and by such means as 
will leave them unimpaired for the enjoyment of future generations.”  (National Park 
Service Organic Act, 1916) 

 
Natural Resource Management Objectives: 

• To protect the historical and archeological remains from damage and loss, through 
programs of stabilization, maintenance, protection, land acquisition, and, as 
necessary, restrictions covering the allowable types and degrees of visitor and other 
uses of the area; and maintain the integrity and setting of the area so as to prevent 
deterioration due to man-made and natural processes 

• To provide a varied and balanced interpretive program, which emphasizes the natural 
and cultural aspects of the site and the continuum of history indicated by the 
inscriptions at El Morro, and which enhances people’s understanding of and interest 
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in present-day Indians and Spanish-speaking and Anglo peoples and their 
relationships to the past and future enabling legislation 

• To encourage a continuing research program, which emphasizes preservation of the 
cultural and natural features of the area, in order to help advise management and 
planners in suitable development and interpretation of the area 

• To cooperate with other agencies and groups, in programs aimed toward natural and 
cultural conservation and education of the public concerning these programs 

• To develop and sustain shared cultural resources and natural resource GIS/GPS 
program 

• To establish research priorities 
• To develop and finalize back-country management plan 

 
Major Natural Resource Issues: 

• Conservation and preservation of historic inscriptions - natural processes (including 
wind and water erosion, rockfall, and lichen growth) are causing obliteration of 
petroglyphs and inscriptions 

• Role of wilderness management within the context of the cultural landscape. 
• If pioneering elk herd remains on park lands (and adapts readily to arid environments 

as has occurred elsewhere in the Southwest), there exists the strong likelihood that 
the park’s native plant communities, riparian habitats, and cultural sites could suffer 
significant negative impacts.  This could greatly diminish CHCU’s value as a regional 
reference for native desert grassland ecosystem recovery. 

• Lack of adequate staff – existing staff cannot adequately cover natural resource 
protection, planning, and interpretation 

• Lack of space for natural resource and interpretive staff to fulfill planning and 
interpretive functions 

• Lack of time and money for staff to be trained in specialized natural resource 
management  

• Development on lands adjacent to monument and in inholdings 
• Development in areas near to park, but not adjacent – commercial, gravel mining, 

etc. 
• Changes in viewshed due to increasing development in area 
• Increases in noise levels – vehicle traffic, airplanes, helicopters 
• Increases in air pollution – vehicle traffic, dust from gravel mine and unpaved roads, 

etc. 
• Lack of law enforcement protection for natural and cultural resources 

 
Glen Canyon National Recreation Areas 
Resource Management Plan Date: 1995 
 
Founding Legislation:  October 27, 1972; Public Law 92-593 (86 Stat. 1311): 
 
To “. . .provide for public outdoor recreation use and enjoyment of Lake Powell and lands adjacent thereto 
in the states of Arizona and Utah and to preserve the scenic, scientific, and historic features contributing 
to public enjoyment of the area. . .” 
 
Natural Resources:  

• A mosaic of desert-shrub, grassland, piñon-juniper woodland, riparian, and aquatic 
vegetation 

• Hanging gardens and other specialized plant communities 
• Eighty mammal species are known from the area, including mule deer, bighorn 

sheep, and coyote 
• The Colorado River within the park is part of a migration corridor for birds (205 

species on checklist) 
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• Native fish species 
• Geologic resources, including canyons, buttes, mesas, plateaus, igneous mountains 

(laccoliths), and special features such as arches, windows, and water pockets 
• Good to excellent air quality (Class II) 
• Scenic resources 
• Threatened and endangered species - bald eagles, Colorado squawfish, humpback 

chub, and bony-tail chub and two plant species 
• Species of concern - peregrine falcons, razorback sucker, and about 24 plant species 
• Ethnographic resources 

 
Natural Resource Management Goals: 
 
Natural Resource Management Objectives: 

• Identify and protect the scenic, scientific, and historic resources in Glen Canyon 
National Recreation Area 

• Monitor environmental changes in the quality of the atmosphere, aquatic, and the 
terrestrial environment resulting from activities within, and external to, the area and 
develop actions or strategies to prevent degradation of recreation area resources 

• Manage the recreation area in ways that interfere as little as possible with natural 
processes and do not cause loss of natural, cultural, recreational, or ethnographic 
resources 

• Determine the significance of the recreation area’s cultural resources and maintain 
the integrity of these resources 

• Inventory and monitor the natural and cultural resources of the area to provide factual 
data on which to base management and development responses 

• Maintain high water quality and perpetuate the natural flow of water 
• Manage mineral and grazing use to preserve scenic, scientific, and historic features 

in conformance with enabling legislation 
• Promote the recreation area’s scientific values and encourage its use as an area for 

research 
• Protect and allow appropriate use of museum objects 
• Manage as de facto wilderness the 588,855 acres recommended for wilderness 

designation until Congress takes specific action for such in Glen Canyon National 
Recreation Area 

 
Major Natural Resource Issues: 

• Lack of professional staff for natural resource management activities, program 
development, and coordination 

• Natural resource inventory, monitoring and protection are inadequate 
• Additional management capability needed for fish and wildlife resources, river 

recreation, and grazing 
• Resource protection needs are acute in terrestrial backcountry areas 
• Erosion and cattle trampling of cultural resources 

 
Project Statements/ Important Needs (Priority 1 Projects) 

• Protect natural resources 
• Provide non-personal interpretive services 
• Interpret park resources amphitheater programs 
• Complete environmental clearances 
• Provide roving interpretive services parkwide 
• Geographic positioning system operations and training 
• Inventory and monitor peregrine falcons  
• Haz-mat monitoring and abatement in marinas 
• Complete digital database, dam to Lee’s Ferry 



Southern Colorado Plateau Network Phase Two – Appendix F – RMP & GMP Summaries 

- F13 - 

• Protect wetlands – Harris wash 
• Assess Lake Powell Marina pollutants 
• Control tamarisk at Rainbow Bridge National Monument 
• Harris Wash Riparian wetlands Protection 
• Vegetation management 
• Inventory soils 
• Manage back country 
• Monitor backcountry use 
• Prevent hazardous and toxic spills 

 
Grand Canyon National Park 
Resource Management Plan Date: 1997 
 
Founding Legislation:  February 26, 1919 (40 Stat 1175): 
 
Grand Canyon National Park was first set aside as a “Public park for the benefit and enjoyment of the 
people” 
 
Boundary changes: 1975, Public Law 93-620 
 
Purpose:   

• Preserve and protect the natural and cultural resources and ecological processes of 
Grand Canyon, and its scenic, aesthetic, and scientific values, as a place of national 
and worldwide importance 

• Provide opportunities for visitors to experience and understand the environmental 
interrelationships, resources, and values of Grand Canyon without impairing the 
resources 

 
Natural Resources:  

• As a World Heritage Site, the Grand Canyon is recognized as a place of universal 
value, containing superlative natural and cultural features that should be preserved 
as part of the heritage of all the world’s peoples.  

• Geologic significance – the Grand Canyon offers a record of three of the four eras of 
geological time, a rich and diverse fossil record, and great diversity of geologic 
features and rock types, and numerous cave with significant geological, 
paleontological, archeological and biological resources 

• Paleonotological resources – fossils range from algal mats over one billion years old, 
through body and trace fossils from the Paleozoic era 550-250 million years old, to 
mummified hair and dung from the end of the Pleistocene 11,000 years ago 

• Biological diversity – the Grand Canyon includes five of the seven life zones and 
three of the four deserts in North America 

• Ecological refuge – the park contains relatively undisturbed remnants of dwindling 
ecosystems (such as boreal forest and desert riparian communities), and numerous 
rare, endemic or specially protected plant and animal species 

• Water resources 
• One of the North American continents major rivers, the Colorado, runs through the 

park 
• Seeps and springs 

• Air – the Grand Canyon enjoys some of the cleanest air left in the United States 
• Vegetation resources 

• More than 1,500 vascular plant species have been documented 
• Over 167 fungi, 64 moss, and 195 lichen species have been reported  
• Numerous vegetation types have been recorded, including riparian woodland and 

scrub, desert scrub, grassland, woodland, and forest formations 
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• Hanging gardens occur at some seeps and springs 
• Astragalus cremnophylax var. cremnophylax (sentry milkvetch) listed as 

endangered by U.S. Fish and Wildlife Service 
• Species of concern - Arctomecon californica (California bearclaw poppy), 

Argemone arizonica (Roaring Springs prickly-poppy), Camissonia confertiflora 
(bunch flower evening-primrose), C. specuicola ssp. hesperia, Rosa stellata var. 
abyssa (Grand Canyon rose), Silene rectiramea (Grand Canyon catchfly), Talinim 
validulum (Tusayan flame-flower) 

• Faunal resources 
• The park contains over 287 bird species, 88 mammal species, 58 reptile and 

amphibian species, and 26 native fish species 
• Endangered species - razorback sucker (Xyrauchen texanus), Southwestern 

willow flycatcher (Empidonax trailii extimus), humpback chub (Gila cypha), Kanab 
ambersnail [(Oxyloma haydeni kanabensis) (one of only two known occurrences)] 

• Threatened species – Bald eagle (Haliaeetus leucocephalus), Mexican spotted 
owl (Strix occidentalis lucida) 

• Twenty-one species of concern? Long-legged myotis bat, Townsend’s big-eared 
bat, Allen’s lappet-browed bat, big free-tailed bat, fringed myotis bat, western 
small-footed myotis bat, spotted bat, Kaibab squirrels, Abert squirrels, river otter, 
desert bighorn sheep, pronghorn antelope, leopard frog 

• Scenic qualities and values – the Grand Canyon is recognized internationally for its 
scenic vistas and spectacular landscape 

• Natural quiet 
• Significant ethnographic resources for neighboring Native Americans 
• Evidence of prehistoric and historic interactions between human groups and natural 

resources of the park 
 
Natural Resource Management Goals: 

• Preserve and protect the natural and cultural resources and ecological processes of 
Grand Canyon, and its scenic, aesthetic, and scientific values, as a place of national 
and worldwide importance 

• Provide opportunities for visitors to experience and understand the environmental 
interrelationships, resources, and values of Grand Canyon without impairing the 
resources 

 
Natural Resource Management Objectives: 

• Overall objectives for Grand Canyon National Park 
− Restore natural areas damaged by visitor use, and implement protective actions 

needed to prevent future damage 
− Through the development and operation of a science-based comprehensive 

natural resource inventory and monitoring program, develop and maintain an 
understanding of the status and trends of populations, communities and 
ecosystems, and the phenology of the resource 

− Restore, enhance, and protect populations of threatened or endangered species 
− Preserve the natural genetic integrity and species composition within the park, 

consistent with ecosystem processes, including the elimination of nonnative plant 
and animal species wherever possible 

− Protect natural quiet as a critical park resource; reduce or eliminate excessive or 
unnecessary noise in, over and adjacent to the park which detracts from visitors’ 
enjoyment of natural park values or which adversely affects park resources 

− Manage the Colorado River to restore or mimic, to the degree feasible, pre-dam 
natural and physical processes, including fish, wildlife and plant populations, and 
ecological relationships 
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− Protect and conserve sources and quality of natural water resources; develop a 
comprehensive database on surface and ground water sources, and monitor key 
sources 

− Preserve air quality, and protect it from within-park, as well as external 
degradation; work toward continued protection of Grand Canyon’s Class 1 airshed 

− Reintroduce and maintain fire’s natural role in park ecosystems to the maximum 
extent possible 

− Perpetuate the natural, geological, and ecological conditions and historic 
associations of the park’s cave resources 

− Strengthen the Grand Canyon National Park protection constituency 
− Continue to develop and maintain an innovative and proactive interpretation and 

education program focused on enhancing public understanding of the values and 
resource stewardship issues associated with the protection of Grand Canyon 
National Park and related ecosystems and cultural associations 

− Define and execute a stewardship advocacy program, consistent with NPS policy 
and law, that integrates information gained through science with park education 
and public relations programs with the goal of strengthening the Grand Canyon 
National Park protections constituency 

• Geologic Resource Management Program Objectives 
− Identify and inventory significant geological features and processes 
− More effectively integrate geologic resource management into overall park 

management processes 
− Support, coordinate and assist with geologic research projects 

• Paleontological Resource Management Program Objectives 
− Inventory all fossils in the park and in other collections 
− Evaluate the significance of the park’s fossil records 
− Preserve park fossil resources 

• Cave Resource Management Program Objectives 
− Protect and perpetuate the natural cave, karst, and hydrologic systems found 

within the park including protection of all resources associated with park caves, 
fissures and rock shelter 

− Inventory all cave resources to identify their significance 
− Encourage scientific studies and research by qualified researchers 

• Water Resource Management Program Objectives 
− Maintain, rehabilitate, and perpetuate the inherent integrity of water resources that 

originate both within and outside park boundaries 
• Air Quality Management Objectives 

− Ensure that facilities and activities comply with Clean Air Act requirements, 
including state and local regulations 

− Acquire the information and tools to document air-quality conditions in parks, 
evaluate trends, identify resources that may be or are affected by air pollutants, 
determine cause and effect relationships, and estimate changes that may result 
from changing pollution levels 

− To remedy existing, and prevent future, air pollution effects on park resources and 
values by working with federal, tribal, and state governments in developing 
regulations and pollution-source permits, as required by the Clean Air Act 

• Vegetation Management and Revegetation Management Programs Objectives 
− The National Park Service (and Grand Canyon National Park) will seek to 

perpetuate native plant life as part of natural ecosystems 
− The National Park Service (and Grand Canyon National Park) will assemble 

baseline inventory data describing the natural resources under its stewardship 
and will monitor those resources to detect or predict changes 

− Restore native vegetation cover to impacted areas 
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− Collect native seeds for growing transplanting stock, construct and operate 
greenhouses and nursery areas, transplant, and tree salvage 

− Eradicate alien plant species 
− Develop systematic habitat restoration plan for disturbed sites, 
− Develop and operate a resource damage assessment protocol 

• Forest Ecosystem Restoration Program Objectives 
− Protection of human life and property 
− Restoration of fuel loads and ecosystem structure to within the natural range of 

variability in vegetation communities 
− Restoration of fire as a natural process through prescribed burning for reduction of 

fuels to levels that allow additional acreage to be designated as prescribed natural 
fire areas 

• Wildlife and Fisheries Monitoring and Management Program Objectives 
− Protect genetic diversity through perpetuating natural evolutionary processes and 

minimizing human interference 
− Rely on natural processes to control populations of native species to the greatest 

extent possible 
− Restore extirpated native animals wherever possible to their native habitat 
− Identify and promote the conservation of all federally listed endangered, 

threatened, or candidate species and their critical habitats 
− Ensure the preservation of native migratory species in the park, and work in close 

cooperation with adjacent land management entities to insure the preservation of 
populations and habitats outside the park 

− Control animal populations in development zones when they present a threat to 
visitor safety and health, and in cultural and development zones when necessary 
to protect property 

− Study the effects of fire exclusion and prescribed fire on park wildlife and their 
representative vegetation communities 

− Study the status and trends of nonnatives, as well as the impacts of nonnative 
species on native species, within the park 

− Inventory park wildlife and assess their status and trends 
− Study feasibility of reintroducing extirpated wildlife 

• Geographic Information Systems Program Objectives 
− Defined by other programs – GIS Program assists with objectives 
− Provide data themes for park programs, assess data themes for accuracy and 

completeness, metadata created for park data, provide internet access to data 
− Provide ArcView Training for park staff 
− Provide technical assistance for database development which is GIS compatible 

for Science Center Staff 
− GIS analysis of wildlife observations – create database for wildlife observations 
− GIS analysis of mining sites within watersheds of the Grand Canyon 

 
Major Natural Resource Issues: 

• Overall issues for Grand Canyon National Park 
− Information acquisition and management – basic information on natural resources 

is nonexistent or incomplete; available information often difficult to access due to 
absence of a comprehensive data and information system 

− Increased visitation – planning for facilities to accommodate increased visitation 
while protecting resources is difficult for park’s limited staff 

− Regional and ecosystem planning – the park cannot meet its resource 
stewardship goals without the support and cooperation of agencies, tribes and 
landowners that manage adjacent lands; the issues that cross boundaries include 
water quality and quantity, air quality, and major ecosystem processes as well as 
numerous animal and plant communities and species 
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− Lack of park funding and staff – NPS base-operating funds available for resource 
stewardship programs are substantially less that what is needed for even a basic 
scientifically credible program 

− Glen Canyon Dam operations - the NPS must take a leadership role in assuring 
that the future adaptive-management program at Glen Canyon Dam is successful 
in meeting NPS river corridor stewardship needs 

− Need for ongoing Tribal partnerships – Grand Canyon is significant in the spiritual 
lives of regional American Indian tribes; there is a need to improve dialogue and 
cooperation between the NPS and the various Indian tribes who have ancestral 
claims to the Grand Canyon 

− The protection of natural quiet – Grand Canyon exceeds all other parks in air-tour 
flight; estimates are 10,000 flights per month over the canyon, and projections are 
that flights will double in number by the year 2010 

− Wilderness management – over one million acres have the potential to be 
designated as wilderness; wilderness status would affect natural resources 
management in the park 

− Restoration of a natural fire regime – fire suppression over the last 70 years has 
resulted in denser, more uniform plant communities as well as an accumulation of 
fuels which has the potential to create destructive fires and further reduction of 
plant and habitat diversity 

− The need for enhanced parkwide programs to protect resources – includes 
interpretation and education as well as protection strategies and enforcement of 
regulations 

− Social science program development – Resource stewardship success depends 
greatly on our ability to understand the needs and expectation of various user 
groups and other stakeholders, in order to develop and implement successful 
management strategies 

• Geologic Resource Management Program  
− Geologic features are at risk - fossil, cave and water resources; due land use, 

visitation, operation of reservoirs 
− Geologic processes have been disrupted – Glen Canyon Dam, land use practices 
− Geologic hazards pose environmental and human health/safety and property risks  
− Soil resources have been disrupted – due to development and land use practices  

• Paleontological Resource Management Program 
− The lack of knowledge concerning the extent and scope of paleontological 

resources puts these resources at risk 
− The lack of paleontological resources monitoring program puts these resources at 

risk for loss and destruction 
− A lack of paleontological research threatens the adequate preservation of these 

resources 
− The lack of a comprehensive paleontological resource management plan puts 

these resources at risk 
− Paleontological resources have been impacted 
− Without a strong interpretive program paleontological resources remain at risk 

• Cave Resource Management Program 
− The lack of baseline information concerning the extent, scope, and significance of 

cave resources put them at risk 
− The lack of cave monitoring puts these resources at risk 

• Water Resource Management Program 
− The lack of a comprehensive water resource management program and updated 

plan puts this resource at risk 
− The lack of adequate data to accurately characterize natural conditions put this 

resource at risk – includes database and monitoring 
− Human health and safety are at risk 
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− Human domestic water supply developments put the natural water regime at risk 
− Park water rights are not established 
− Wetlands are at risk – drainages originating outside park include land uses such 

as grazing, mining, urban settings, uranium milling facilities, which contribute to 
pollution of water and wetlands in park 

• Air Quality Management Program 
− The lack of baseline data necessary to characterize existing air quality conditions 

puts air quality at risk 
− The lack of documented information regarding the impact of air pollution on park 

resources, visitor experience and public health puts those resources and values at 
risk 

− The lack of an air resource program and plan puts park resources at risk 
− External and internal sources pollute park air quality 
− Park resources have been impacted 
− There is a need to communicate air quality values and preservation to the public 

• Vegetation Management and Revegetation Programs 
− Rare, threatened, endangered, and sensitive species are at risk because of lack 

of basic information, including inventory and database availability 
− Alien plants are displacing native species 
− Lack of knowledge of native plant communities puts them at risk 
− There is need for a comprehensive integrated vegetation management plan 
− Many plant communities have been disrupted – visitor impacts, park development, 

activities outside boundaries 
− Lack of base funding for this program puts resources at risk – lack of staff and 

adequate databases on plant communities and species 
• Forest Ecosystem Restoration Program 

− High fuel loads and dense forest conditions on the North Rim hamper prescribed 
burn efforts 

− Narrow windows of opportunity limit prescribed burns 
− Air quality degradation from prescribed burns and prescribed natural fires 
− Data are lacking for restoration work 
− The natural fire regime has been disrupted 

• Wildlife and Fisheries Monitoring and Management Program 
− Threatened, endangered, and candidate wildlife species are at risk in the park 

because information on the presence, distribution, and population trends is 
lacking 

− Baseline information on certain species’ populations and interactions, habitats, 
and ecosystem dynamics is lacking 

− Numerous activities both inside and outside the park put native wildlife at risk, 
including trespass livestock grazing, hunting, wood gathering and timber 
harvesting, fire suppression, concessions operations, commercial and residential 
developments, water diversion, ground water pumping, dam operations, pesticide 
application, visitor-use impacts, facility development, introduction of exotic 
species, and others 

− Alien species threaten park resources through competition for resources 
− Some native species have been extirpated from the park, including prairie dogs, 

burrowing owls, condors, wolves, and bears 
− The park lacks a comprehensive proactive integrated pest management plan 

• Geographic Information Systems Program 
− Lack of funding for adequate staff to fully serve needs of park programs 
 

Project Statements/ Important Needs (Top ten in different categories) 
• Natural 

− Aquifer monitoring at selected South Rim Spring gaging stations 
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− Evaluate impacts of groundwater withdrawals on adjacent lands 
− Develop basic data for geographical information system program 
− Develop air quality management program 
− Develop prescribed fire biological monitoring protocol 
− Develop and implement integrated pest management program 
− Inventory spring, seep, and riparian vegetation 
− Monitor peregrine falcon 
− Survey and status report for special status plants 
− Inventory and monitor threatened and endangers species 

• Integrated 
− Manage aircraft, overflights 
− Rehabilitation of wilderness resource impact 
− Develop travel simulation model for Colorado River 
− Mitigate road facts to the Basin Meadow 
− Research and monitor natural quiet 
− Revise Colorado River Management Plan 
− Research and monitor day use in the backcountry 
− Colorado River visitor use impact monitoring 
− Backcountry research and monitoring 
− Stabilization and rehabilitation of historic trails 

• Research 
− Archeological research design 
− Ethnographic and tribal use studies 
− Archeological site inventories 
− Fire effects monitoring: Archeological and biological 
− Fire history/ecology studies 
− Fire management alternatives studies 
− Visitor characteristics use studies 
− Ground water resource studies 
− Cave resource inventories 
− Spring/seep invertebrate surveys 

 
 
Hubbell Trading Post National Historic Site 
Resource Management Plan Date: 1998 
 
Founding Legislation:  1965; Public Law 89-148: 
 
“…to preserve and protect the post and its environs for the benefit and enjoyment of the public…” 
 
Mission:  Hubbell Trading Post National Historic Site is a cultural resource that is truly unique in the 
National Park system.  No other park has an active, non-contrived living history presence as does the 
trading post.  Although the trading post is the primary historic resource, Hubbell Trading Post National 
Historic Site presents a much broader natural and cultural resource perspective.  Management must 
embrace the entire spectrum of the original Hubbell operation, address the historical, natural and 
archeological resources and interpret the ethnology and cultural landscape as well. 
 
Natural Resources:  

• Semi-riparian and lowland plant and animal communities 
• Old agricultural fields and irrigation system 
• Archeological sites present integration of cultural and natural components of the 

landscape from prehistoric through historic times to the present 
 
Natural Resource Management Goal: 
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• Develop a coordinated approach to resource management which considers and 
integrates natural and cultural resources in all operations and planning 

 
Natural Resource Management Objectives: 

• Completion of baseline inventory and monitoring system for the park’s natural and 
cultural resources to assess status and needs 

• Partnering with regional agencies, governments and community interests to 
contribute and be an asset in cultural protection and enrichment, economic 
assistance and natural resource enhancement 

• Serve as a mode of sustainable, energy efficient and feasible resource management 
techniques 

• Broaden the interpretive function to communicate the full breadth of the natural and 
cultural resource management programs, the relationships with the community and 
the expanding history of the people and landscape of the site 

• Evaluate the organization and staffing strategy of the site to promote and encourage 
multi-dimensional generalists at the park level who can carry out resource 
management activities with technical advice and consultation from resource 
specialists in other parks and at the system support office 

• Participate in cluster collaboration to take advantage of related expertise, continuity in 
approach and cost economy 

 
Major Natural Resource Issues: 

• Reintroduce irrigation and farming to the Hubbell lands in cooperation with the 
community of Ganado and adjacent neighbors 

• Exotic plant species invasion in Pueblo Colorado Wash 
• Water quality impacts in Pueblo Colorado Wash due to trash dumping and fill 

activities 
• Erosion along Pueblo Colorado Wash 
• Prairie dog management to control numbers and spread 

 
Project Statements/ Important Needs 

• Restore farm fields 
• Develop and implement wildland fire management program 
• Coordinate with adjacent land users 
• Develop historically accurate native plant demonstration in Pueblo Colorado Wash 

(remove exotics and restore native plant species) 
• Natural resource inventory 

 
Mesa Verde National Park 
Resource Management Plan Date: 1998 
 
Founding Legislation:  June 29, 1906 (34 Stat. 616): 
 
In the original legislation, the park was created “…for the preservation from injury or spoilation the ruins 
and other works and relics of prehistoric man contained within the said park.”  Under the National Park 
Service's Organic Act of 1916 (Public Law 235, 39 Stat. 535) the purpose of the park was expanded to 
"...conserve the scenery, natural and historic objects and wildlife…" and to provide for their enjoyment in a 
manner that would leave them unimpaired for future generations. In an Act approved April 25, 1928, the 
purpose of Mesa Verde was expanded to protect wildlife, birds, and other natural resources. The Act of 
October 20, 1976, established 8,500 acres of wilderness in Mesa Verde, and expanded the purpose to 
include management and protection of this designated wilderness. 
 
Natural Resources:  

• Mesa Verde is a significant natural resource preserve within a larger ecosystem, i.e., 
the Colorado Plateau, Four Corners Area.  Mesa Verde's clean air, plants, animals, 
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water, springs, geologic features, night skies, and natural quiet contribute to the 
integrity of the larger ecosystem. 

• Although no longer pristine, Mesa Verde still enjoys some of the cleanest air in the 
contiguous 48 states.  Under the Clean Air Act, Mesa Verde is rated as a Class I 
airshed, the most important and protected designation under this federal law.  

•  Because of its remote location and dry climate, the dark night skies make Mesa 
Verde a great location for viewing stars and planets. 

• The “type localities” of the four geologic formations in the park were first identified 
from within and immediately adjacent to Mesa Verde.  An extensive and diverse 
assemblage of fossils has been found in the shale and sandstone layers of the park 
including some unique specimens found nowhere else. 

• A wide variety of arid, semi-arid, and montane vegetation comprises several distinct 
vegetation zones in the park.  Habitats range from the cool waters of the Mancos 
River to hot, dry sandstone cliffs; from small spring-fed pools to large tracts of old 
growth pinyon-juniper forest; and from snowy coniferous woods to sagebrush- 
covered canyon bottoms.   

• Because of its protected status, many plant and animal species that have 
disappeared or become very rare in the region still exist at Mesa Verde including 
breeding pairs of peregrine falcon (Falco peregrinus) and Mexican spotted owl (Strix 
occidentalis lucida, federally listed under the Endangered Species Act).  Many 
species of rare plants survive on protected park lands.  Some of these rare plants, 
such as the Cliff Palace milkvetch (Astragalus deterior), are endemic to Mesa Verde 
and are found nowhere else.  

• The park has the largest known Utah juniper that measures five feet and two inches 
in diameter at breast height as well as some exceptionally large pinyon pine (30-inch 
diameter) and Rocky Mountain juniper (52-inch diameter).  One Utah juniper has 
been dated by tree-rings at 1,300 years old.  Other Utah juniper and Rocky Mountain 
juniper age ranges have been determined at from 600 to 800 years old.  Pinyon 
pines have been dated at 1,500 years old and Douglas-firs as old as 900 years.   

• Three wilderness areas together comprise 8,500 acres or 16.3 percent of the park.   
• Mesa Verde National Park is the largest natural reserve of the Upper Sonoran/Sierra 

Madrean Complex left in the world.   
• The stretch of the Mancos River in and around Mesa Verde National Park is the only 

Colorado riverway having only native fish species and no introduced species.  Similarly, 
there are no non-native amphibian or reptile species at Mesa Verde.   

• The Mancos River in the park still maintains natural hydrological functions well enough 
to support a sustainable riparian forest of willow and cottonwood and a fishery 
composed only of native species.   

• Of equal significance to the prehistoric cultural resources are the natural resources of 
the park not only for their innate scenic values but also because of their importance in 
interpreting the archeological evidence of prehistoric life.   

• Mesa Verde is recognized as an Important Bird Area (IBA) and it contains a National 
Research Natural Area 

 
Natural Resource Management Goals: 
 
Natural Resource Management Objectives: 

• To protect Mesa Verde National Park by such means as will leave this outstanding 
natural resource unimpaired for the enjoyment of present and future generations. 

• To identify, monitor, protect, and perpetuate the natural resources and natural 
processes within the park. 

• To minimize and compensate for unnatural human-caused disturbances originating 
from inside and outside the park that could impact natural resources and natural 
processes. 
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• To never sacrifice one park resource for convenience or compete one resource 
against another, but still allow for appropriate, careful, and deliberative management 
of natural resources to mitigate serious and imminent threats to human health and 
safety, unique natural features, rare and sensitive species, cultural resources, and 
park facilities.   

• To develop and support an in-park staff of professional natural resource managers, 
specialists, and technicians to manage the park’s natural resources using the best 
available techniques and technologies. 

• To develop and maintain professional and productive working relationships with other 
natural resource management agencies and institutions, researchers, volunteers, 
park neighbors, and the public towards improving the knowledge, protection, and 
management of the park’s natural resources 

 
Major Natural Resource Issues: 

• Annual visitation by approximately 650,000 visitors can have profound effects on the 
park’s infrastructure and resources including direct impacts to plants, animals, water 
use, wastewater disposal, natural quiet, viewsheds, historic structures, and 
archeological sites  

• Oil and gas development activities negatively influence the park’s air quality   
• The expanding real estate industry is rapidly filling in the rural lands north of the park, 

changing the character of the northern viewshed and altering the natural migration 
patterns of wildlife populations that previously moved more freely into and out of the 
park   

• Agricultural activities have greatly altered the natural resources of the county and the 
park by introducing many non-native plants, eliminating or reducing the occurrence of 
native plants and animals, isolating the natural biological diversity of the park, and 
persistently exposing the park to the impacts of trespass horses and cattle   

• Agricultural interests alter the hydrology and water quality of the Mancos River 
drainage by storing and diverting water for irrigation and adding pesticides, fertilizers, 
and manure to the river  

• Other sources of river pollutants are sewage disposal systems, gravel mining, 
mosquito control and other pesticide uses, runoff from dirt roads and construction 
sites, and other commercial activities  

• Recreational and commercial aircraft activity including commuter passenger planes, 
air tour airplanes and helicopters, and general aviation have the potential to seriously 
affect park resources and the visitor experience  

• Almost all of the work in the park has focused on vascular plants and very little is 
known about non-vascular plants   

• There is a large and growing list of non-native plant species that have invaded Mesa 
Verde National Park   

• The Mancos River riparian corridor of the park has suffered severe impacts and habitat 
degradation from decades of cattle grazing.  Most of these impacts occur throughout the 
park where stray horses and cattle still live.   

• Mesa Verde needs to determine the park’s natural fire regime, the natural occurrence 
and proportion of vegetative communities at all seral stages, and set a goal for 
maintaining a healthy, diverse, mosaic of natural communities for the vast majority of 
park lands. 

•   In 1946, 14 bighorn sheep were released in the park to try to maintain a depleted 
natural herd.  Although seen for many years, the bighorns did not fare well with the 
many environmental changes in the area, including the proliferation of livestock 
fences in the area and hunting on the Ute reservation, and have just about 
disappeared.   

• Determining how management and visitation at cliff dwellings may be influencing 
nesting activity of Mexican spotted owls and peregrine falcons is an important goal.  
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The park and cooperating investigators monitor nesting peregrine falcons and 
spotted owls.   The bald eagle is seen using the park during the winter.   

• The park supports several species that are managed as species of special concern 
including the tiger salamander, Rocky Mountain toad, and other amphibians, the 
roundtail chub and three other species of native fishes, some rarely seen snakes, all 
diurnal raptor species, all owl species, the black-throated gray warbler, gray vireo, 
and gray flycatcher (each are old growth pinyon-juniper nesting species), southwest 
willow flycatcher (a rare migrant), the American black bear, ringtail, elk or wapiti, 
Abert’s squirrel, white-throated woodrat, Mexican vole, Gunnison’s prairie dog, 
spotted bat, Western small-footed myotis, fringed myotis, long-eared myotis, long-
legged myotis, Townsend's big-eared bat, black swallowtail butterfly (who's larvae 
feed on the wandering aletes, a rare plant), Colorado hairstreak butterfly, and Mesa 
Verde tiger beetle.   

• The status of many species and classes of vertebrates and invertebrates is simply 
not known because not enough fieldwork has been attempted.  

• Not nearly enough is known of the park’s small mammal populations.  
• Leopard frogs were present in the Mancos River during a 1963-65 study.  This species 

has not been documented in the park since then.  Speculation as to the cause of this 
decline range from air pollution, pesticides, introduced predators, ultraviolet light levels, 
or drought. 

• The park now supports small numbers of a few non-native mammals and bird 
species.  Raccoons and the crayfish they feed upon in the Mancos River are not 
native to this area.  Small bands of trespass horses and cattle inhabit parts of the 
park, refugees from neighboring ranch and reservation lands.  Other domestic 
livestock wander into the park from time to time including sheep, goats, and emus but 
none of these have become established.  Feral cats are seen from time to time in 
residential areas of the park.  Along the northern edge of the park where residential 
and commercial neighborhoods recently have been developed, rock doves, 
European starlings, and house sparrows have become established.  Also, there have 
been a few records of chukar partridge in the southern part of the park.  Except for 
the exclusion, capture, and removal of trespass horses, cattle, other livestock, and 
feral cats, park management does not currently manage non-native animals.  
Fencing out livestock and maintaining fences is an enormous ongoing and poorly 
funded problem. 

• Basic information on avifauna is deficient, including information on critical habitat for 
each species.  Park staff already conduct modest annual breeding bird surveys, owl 
surveys, winter eagle surveys, peregrine falcon surveys, southwest willow flycatcher 
surveys, and the collecting of bird observation cards, but this is insufficient to gain the 
needed level of information. 

• Little is known about mountain lions at Mesa Verde.  The big cats are seen frequently at 
night by park staff and visitors, but dangerous encounters have been restricted to one 
serious incident although the potential threat for more encounters is very real.   

• There is an acute need to keep trash and food meant for human consumption away 
from bears and other wildlife.   

• Deer mice are vectors of the Four Corners hantavirus, a respiratory disease that is 
highly lethal in humans. 

• Mesa Verde needs a full-time wildlife specialist, a biological science technician 
assistant, a small seasonal crew, and an operating budget in order to properly study, 
monitor, and protect the wildlife of this national park.  In addition, threats to public 
health and safety posed by native animal life would be properly identified, analyzed, 
and professionally mitigated. 

• Protection of archeological sites from digging activity by native rodents,.  digger bees, 
and flickers searching for the bees, is a concern. Turkey vultures roost in archeological 
sites and alcoves and the acidic vulture excrement in physical damage to stone and 
plaster.   
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• A systematic baseline investigation of the park’s surface water chemistries is badly 
needed.  Research is needed to determine the sources, flow pathways, and time 
required for water to seep through soils, aquifers, fractures, and other geologic 
features.   

• In 1998, with the assistance of the NPS Water Resources Division, Mesa Verde 
obtained legal reserved water rights from the state of Colorado for many of its 
springs.  The natural resource staff will need to annually monitor and report on the 
flows of these springs and declare to what legitimate use the water was put.  These 
new monitoring responsibilities must be met for the park to legally maintain these 
water rights.  As a legal obligation, new funding should be made available to the 
natural resource operation in order to insure the data is collected and reported each 
year. 

• The Mancos River runs at 1,500 cubic feet per second (cfs) in flood stage and may drop 
to <12cfs.  During the summer of the extreme drought of 2002 the river dropped to <1 
cfs due to continued withdrawals by senior water rights.  The river has been impacted by 
several environmental modifications including: 
− impoundment behind upstream reservoirs that alter the river’s flow regime,  
− diversions for drinking water (including the park), commercial uses, and irrigation,  
− downstream dams that block native fish migrations, 
− invasion of non-native plants including tamarisk, 
− silt from several gravel pits,  
− metals from mineral mining and ore processing,  
− insecticides including aerial mosquito control applied directly to rivers and lakes,  
− herbicides,  
− nitrogen, fecal, and bacterial contamination from livestock and sewage treatment 

facilities,  
runoff from streets, dirt roads, and construction sites, 
improper chemical disposal from homes and commercial businesses. 

• Currently visibility is the only Air Quality Related Value known to be impacted by 
pollution at Mesa Verde.  Current levels of pollution in southwestern Colorado are 
high enough to produce haze and obscure the important vistas of the park and 
surrounding areas.  Any increase in aerosols will undoubtedly impair visibility further.   

• The measuring of several additional Air Quality monitoring parameters would provide 
valuable information.  Reconnaissance monitoring of surface waters for pH, acid 
neutralizing capacities, sulfate, and nitrate would help determine if acid deposition is 
a threat at Mesa Verde.  Other parameters that should be considered include 
ultraviolet radiation, pesticides, acidic snow flush, soil neutralizing capacities, dry 
deposition, visibility to the north of the park, reinstallation of the automated camera, 
sensitive plant studies including lichens, and the correlation of all air quality data with 
weather factors should be accomplished with computer software and graphics.  
Research into the environmental and biotic affects of highly acidic episodes from 
precipitation and rapid snow melt is needed.  Soil buffering tests should be repeated 
every five years to detect any deteriorating acid neutralizing capacities.   (Post RMP 
information indicates that ozone levels have been steadily increasing.) 

• New construction along Highway 160 is proceeding even right up to the park 
boundary.  To protect the viewshed and the visitors’ experience outside the park as 
they approach the entrance, a proactive stance by park management is needed.   

• The development threat posed by real estate, commercial tourism, mining, oil and 
gas production, and other developments near the park has the potential of 
permanently compromising the Mesa Verde viewshed. 

• Despite Mesa Verde’s well-staffed fire management operation, there currently is no 
in-park fire effects monitoring capability.  Specialists from other Colorado Plateau 
parks currently handle those duties.  With an expected increase in prescribed burning 
activity at Mesa Verde over the coming years, developing this capability within the 
park would be a good idea.   
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• Many additional questions need to be answered by fire history researchers before the 
park can develop a comprehensive fire management plan that convincingly 
incorporates the ecological needs of the park 

• The park needs a base funded staff ecologist with a small staff and adequate 
operating budget working under the natural resource branch that can objectively ask 
and answer questions about fire ecology and a multitude of other ecological issues 

 
 
 

Navajo National Monument 
Draft General Management Plant/Environmental Impact Statement Date: 2002 
 
Founding Legislation:  1909; Presidential Proclamation 873 (36 Stat. 3266):   
 
“Whereas, a number of prehistoric cliff dwelling and pueblo ruins, situated within the Navajo Indian 
Reservation, Arizona, and which are new to science and wholly unexplored, and because of their isolation 
and size are of the very greatest ethnological, scientific, and educational interest, and it appears the 
public interest would be promoted by reserving these extraordinary ruins of an unknown people, with as 
much land as may be necessary for the proper protection thereof . . .”  
 
1912, Presidential Proclamation 1186 (37 Stat. 1733):  Reduced the size of original monument from 160 
square miles to three separate units within Navajo Nation. 
 
Vision:  “ . . . In the spectrum of units of the national park system, this monument should guard its unique 
remoteness and the special understanding that comes from the wholeness of the landscape.  The ancient 
village sites and their natural settings should be protected to evoke a strong sense of the past and 
respect of cultural beliefs. . . As pressures of urbanization and tourism increase, Navajo National 
Monument should stand out as a window into distinct past and present cultures. . .” 
 
Mission:  The resourcefulness and ingenuity of 13th century cliff dwelling builders is illustrated in the 
astonishingly preserved buildings and objects of what is now Navajo National Monument.  Remoteness 
has protected the wholeness of the landscape, the continuity of diverse cultures, and material and 
spiritual links between the environment and human societies.  The monument of the future should protect 
remoteness and provide a window into past and present cultures. 
 
Purpose:  

• To protect outstanding cliff dwellings at Betatakin/Talistima, Keet Seel/Kawaestima, 
and Inscription House/Tsu’ovi and their surrounding environments for future 
generations 

• To allow, without compromising protection, opportunities to contribute to scientific 
and ethnographic knowledge 

• To promote visitor understanding of the monument’s diverse resources, including the 
cliff dwellings, their surrounding environments, and their connections to cultures past 
and present in the region 

 
Natural Resources:  

• Seeps, springs, streams 
• Plant communities include Ponderosa pine, mixed conifer, subalpine forests; riparian 

communities of Fremont cottonwood, coyote willow, and tamarisk 
• Hanging gardens 
• Relict aspen forest (Betatakin Canyon) 
• Microbiotic soil crusts 
• Bird communities include residents (American robin, plain titmouse, common bushtit, 

black-throated gray warbler, gray-headed junco), and migrants (ferruginous hawks, 
peregrine falcons, golden eagles, bald eagles) 
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• Mammal communities include gray fox, coyotes, mountain lion, bobcat, black bear, 
mule deer, black-tailed jackrabbits, desert cottontails, as well as long-eared bats, 
long-legged bat, Yuma myotis bat, Townsend’s big-eared bat, spotted bat 

• Amphibians and reptiles include western spadefoot toad, woodhouse toad, canyon 
tree frog, northern leopard frog; northern plateau lizard, northern sagebrush lizard, 
side-blotched lizard, short-horned lizard, plateau whiptail, Great Basin gopher snake, 
garter snake, and Hopi rattlesnake 

• Threatened and endangered species and species of concern (state and federal) 
include Mexican spotted owl, Townsend’s big-eared bat, long-eared bat, long-legged 
bat, spotted bat; northern leopard frog, northern sagebrush lizard, alcove bog orchid, 
and Betatakin nama (table p. 78 of GMP/EIS) 

• Remoteness – visitors can experience an area with little human development 
• Soundscape – natural sounds predominate in these remote areas 
• Lightscape (Night sky) – the night sky can be viewed with few intrusions from artificial 

light 
• Cultural resources are seen in the natural resource setting 

 
Natural Resource Management Goals: 

• Natural resources (processes, systems, and values) are allowed to continue in 
balance with stewardship of archeological resources and the greater ethnographic 
landscape 

• Water quality and quantity, good air quality, species that are threatened, endangered, 
or of concern, scenic vistas, and natural soundscapes and lightscapes are protected 

• Protect the remoteness that has kept the ancient dwellings in such pristine condition 
and that fosters within visitors an element of mystique and desire to understand and 
explore the wholeness of the landscape and peoples 

 
Natural Resource Management Objectives: 

• Continue inventory, monitoring, and research of vegetation and wildlife (including 
traditional knowledge), develop vital signs research to detect changes 

• Manage for native ecosystem processes 
− Minimize human impacts on native plants, animals, and ecosystems and the 

processes that sustain them 
− Use only weed-free feed for pack stock 
− Remove exotic species using integrated pest management practices 
− Restore native vegetation to federal tracts impacted by livestock and pack stock 

grazing and trampling 
− Minimize disturbances and introduction of exotic plants by visitors 
− Work cooperatively with neighbors and other agencies to control weeds and 

minimize invasion 
• Identify and protect threatened and endangered species, species of concern, and 

their habitats in consultation with the U.S. Fish and Wildlife Service, the Arizona 
Game and Fish Department, the Navajo National Department of Natural Resources, 
and other tribes 

• Study the role of fire in the natural and cultural landscape, and develop a fire 
management plan in consultation with appropriate neighbors, tribes, and agencies 

• Monitor water quality, groundwater quality and quantity, air quality, natural 
soundscape, scenic beauty, and lightscapes; seek to protect through consultation 
and agreements 

• Continue to study and monitor rockfall hazard (which affects visitor safety, cliff 
dwellings, and other cultural resources) and arroyo erosion, develop strategies to 
mitigate the impacts of these inevitable events, such as closures for visitor safety or 
documentation of eroding archeological sites 
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• Develop a current resources management plan to identify and prioritize needs for 
inventory, monitoring, research, and management, in consultation with the public, 
associated tribes, and agencies 

• Continue and expand cooperative relationships with the NPS Water Resources 
Division, Glen Canyon National Recreation Area resource management staff, and 
others in addressing water resource issues 

Major Natural Resource Issues: 
• Increased visitor access, if not properly planned, will negatively affect natural and 

cultural resources 
• Land use in surrounding areas affects the natural and cultural resources of the 

monument units 
• Livestock grazing within and adjacent to park boundaries enhances erosion and 

contributes to instability of archeological sites 
• Water quality and chemistry is affected by activities within and outside of monument 

boundaries 
• Rockfall from alcoves and cliff faces impacts archeological sites and visitor safety 
• Declining water table may affect seeps and springs in monument, as well as plants 

and animals dependent on them 
• The spread of exotic plants already present in the monument and the addition of new 

exotic species 
• Animal activities, like nesting and burrowing in archeological sites impacts cliff 

dwellings and open sites 
• Pollutants and acid rain contribute to the deterioration of pictographs, petroglyphs, 

and historic inscriptions of the monument 
• Fuel reduction reduces danger to archeological resources from fire, but there is little 

knowledge on the role of fire in the ecosystem that would be useful in developing a 
fire management plan 

• Management of ethnographic resources, including plants and animals 
• Management and development of park infrastructure in ways that prevent or minimize 

effects on natural resources   
• Preservation of sense of remoteness that gives natural resource context to cultural 

resources 
 
Petrified Forest National Park 
Resource Management Plan Date: 1994 
 
Founding Legislation:  December 8, 1906, Presidential Proclamation 697 (34 Stat. 3266) created 
Petrified Forest National Monument: 
 
“And, whereas, the mineralized remains of Mesozoic forests, commonly known as the ‘Petrified Forest’ 
…are among the greatest of scientific interest and value and it appears that the public good would be 
promoted by preserving these deposits…with as much land as may be necessary for proper protection 
thereof.”   
 
1911, boundary change; 1930, 1932, additions; 1958, 1962, established Petrified Forest National Park: 
“The Petrified Forest National Park shall be preserved and administered in its natural condition. . .”  The 
park was established to protect fossils of petrified wood and associated plant and animal fossils in the 
Chinle Formation, which was deposited during the Late Triassic, approximately 230 million years ago 
 
Natural Resources:  

• Triassic Period fossils – the geological and paleontological significance of the park is 
recognized world-wide 

• Short grass prairie – near-pristine examples of this community, ungrazed between 
1930-1962 

• Pronghorn antelope 
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• Gunnison’s prairie dogs 
• Mule deer 
• Resident populations of coyotes, bobcats, skunks, jackrabbits and cottontails 
• Resident populations of raven, great-horned owls, long-eared owls, prairie falcons, 

and others 
• Two designated wilderness areas 
• Cultural resources in the form of over 500 recorded archeological sites dating from 

A.D. 1000 to historic Navajo and Euroamerican, representing human adaptations to 
the environment and natural resources of the area 

• Air quality – considered outstanding and a significant park resource 
 
Natural Resource Management Goals: 

• Preserve deposits of petrified wood 
• Perpetuate the diversity of plants and animals 
• Perpetuate interactions that facilitate healthy systems 

 
Natural Resource Management Objectives: 

• Develop baseline resource inventories 
• Develop long-term monitoring to detect change 
• Identify sources of change 
• Facilitate rapid development of mitigation 
• Prevent removal of petrified wood and other fossils 
• Protect full range of genetic diversity 
• Work with other agencies on common problems 

 
Major Natural Resource Issues: 

• Lack of a comprehensive Resource Management Program 
• Lack of natural resources data on which to base sound management decisions 
• Impacts from human disturbance (principally theft of petrified wood) 
• Deterioration of air quality 
• Protection of the flora and fauna of the park 
• Protection of the geological and paleontological resources of the park 
• Management of the park wilderness 

 
Project Statements/ Important Needs 

• Write a fire management plan 
• Establish Geographic Information System for the park 
• Assess boundary impacts upon natural and cultural resources 
• Write information management plan 
• Develop education program on the park’s natural resources 
• Write wildlife management plan 
• Inventory and assessment:  Mammals 
• Inventory and assessment:  Birds 
• Inventory and assessment: Amphibians 
• Conduct inventory, assessment, and monitoring of invertebrates 
• Monitor air quality impacts of gaseous pollutants 
• Conduct soil survey 
• Identify development needs for Triassic Research Center 
• Conduct paleoecology research 
• Prepare and implement trail use management plan 
• Conduct Integrated Pest Management Program 
• Conduct research on the Bidahochi Formation 
• Conduct paleoson analysis 
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• Conduct research on the Owl Rock member of the Chinle Formation 
• Conduct paleoclimatology research 
• Conduct paleomagnetostratagraphic research 
• Develop petrified wood location map using Geographic Information System 
• Develop baseline map for adjacent lands using Geographic Information System 

 
Petroglyph National Monument 
Resource Management Plan Date: 1999 
 
Founding Legislation:  June 27, 1990; Public Law 101-313 established Petroglyph National Monument; 
May 1, 1998, Public Law 105-174, Sec 3005, adjusted monument boundaries: 
 
“In order to preserve, for the benefit and enjoyment of present and future generations, that area in New 
Mexico containing the nationally… significant natural and cultural resources, and to facilitate research 
activities associated with the resources, there is hereby established the Petroglyph National Monument 
…as a unit of the National Park System.” 
 
Purpose:   

• To preserve the integrity of the cultural and natural resource in the context that gives 
them meaning 

• To provide opportunities for diverse groups to understand, appreciate and experience 
the monument in ways that are compatible with the monument’s significance 

• Cooperate with affiliated American Indians and Atrisco Land Grant heirs in 
perpetuating their heritage 

• Function as a focal point for the collection, analysis and dissemination of information 
relating to Rio Grande style and other forms of petroglyphs and pictographs 

 
Natural Resources:  

• Vegetation resources – flora is in a transitional zone between Great Plains, Great 
Basin, and Chihuahuan Desert grasslands; 192 plant species from 40 families have 
been documented; three vegetation types have been identified, including 
Southwestern grassland, Plains-Mesa Sand Scrub, and Escarpment/Rocky type  

• Plant species of ethnographic interest including desert tobacco (Nicotiana 
trigonophylla) and others 

• Faunal resources – there are 26 species of mammals, 55 species of birds, 24 
species of reptiles, 6 species of amphibians, and over 350 species of invertebrates 

• Species of concern – slate millipede (Comanchelus chihuanus) 
• Geologic features – volcanoes, volcanic flow with 18 cones, geologic windows, lava 

flows 
• Ephemeral pools and runoff 
• The monument’s natural and cultural landscape (escarpment, volcanic cones, and 

surrounding open space) and long vistas are major elements that define 
Albuquerque’s western horizon and provide opportunities to experience contrasts 
with a growing urban environment 

 
Natural Resource Management Goals: 
 
Natural Resource Management Objectives: 

• To preserve and protect the natural and cultural resources of the monument through 
scientifically based management actions 

• Provide the means and opportunities to study, understand, and enjoy the historic, 
prehistoric, and natural resources of the monument without compromising these 
resources 
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• Develop and maintain cooperation with local, state, and other federal agencies, local 
communities and landowners to preserve, protect, understand, enhance, and 
maintain the monument 

• Develop and maintain an open consultative relationship with the American Indian 
communities and Atrisco Land Grant heirs regarding use of the monuments 
resources 

• To establish a comprehensive resource information base to monitor changes and 
support scientific and educational objects 

• To maintain and reclaim the natural conditions and ecological processes to the 
degree practicable given the history of abuse, the urban landscape, and resource 
preservation and protection objectives 

• To maintain the natural quiet of the landscape by minimizing noise intrusion 
 
Major Natural Resource Issues: 

• Erosion – especially evident around numerous dirt roads 
• Declining air quality – affects viewshed and aesthetic experience 
• Viewshed – affected by urban growth and development of adjacent Albuquerque 
• Noise – Potential enlargement of Double Eagle II Airport, public shooting range, and 

construction of roads and housing  
• Lack of inventory and monitoring data 
• Lack of information to manage fire 
• Inadequate information management – need for GIS and other electronic formats for 

natural resource data 
• Exotic and pest species – Russian thistle, cheatgrass 
• Presence of Peromyscus species and possible spread of hantavirus into surrounding 

residential neighborhoods 
• Dumping and past ground disturbance – need for restoration for areas that have 

been used as dumps, cinder mining, and old roads 
• Degradation of water quality – groundwater, ephemeral pool, and runoff quality 

 
Project Statements/ Important Needs: 

• Establish a full weather monitoring station 
• Establish monitoring program for fauna 
• Establish monitoring program for flora 
• Establish monitoring program for erosion 
• Construct digital geologic map 
• Construct digital vegetation map 
• Establish electronic information management system 
• Establish and integrated pest management program 
• Reclaim cinder quarries 
• Cleanup refuse piles 
• Revegetation of degraded lands 
• Establish fire management program 
• Conduct threatened and endangered species survey 
• Assess runoff and ephemeral pools 
• Establish air monitoring stations 
• Mitigate erosion effects within the monument 
• Assess noise levels 
• Assess storm drainage capacities 
•  

Rainbow Bridge National Monument 
Resource Management Plan Date: 1995 (Included under GLCA Resource Management Plan) 
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Founding Legislation:  May 30, 1910; Proclamation 1043 (36 Stat 225): 
 
“Whereas, an extraordinary natural bridge, having an arch which is in form and appearance much like a 
rainbow…it appears that the public interest would be promoted by reserving this bridge…together with as 
much land as may be needed for its protection.” 
 
Natural Resources:  

• A mosaic of desert-shrub, grassland, piñon-juniper woodland, riparian, and aquatic 
vegetation 

• The Colorado River within the park is part of a migration corridor for birds (205 
species on checklist) 

• Native fish species 
• Geologic resources, including an arch  
• Good to excellent air quality (Class II) 
• Scenic resources 
• Threatened and endangered species - bald eagles, Colorado squawfish, humpback 

chub, and bony-tail chub and two plant species 
• Species of concern - peregrine falcons, razorback sucker, and about 24 plant species 
• Ethnographic resources 

 
Natural Resource Management Goals: 
 
Natural Resource Management Objectives: 

• Identify and protect the scenic, scientific, and historic resources in Glen Canyon 
National Recreation Area 

• Monitor environmental changes in the quality of the atmosphere, aquatic, and the 
terrestrial environment resulting from activities within, and external to, the area and 
develop actions or strategies to prevent degradation of recreation area resources 

• Manage the recreation area in ways that interfere as little as possible with natural 
processes and do not cause loss of natural, cultural, recreational, or ethnographic 
resources 

• Determine the significance of the recreation area’s cultural resources and maintain 
the integrity of these resources 

• Inventory and monitor the natural and cultural resources of the area to provide factual 
data on which to base management and development responses 

• Maintain high water quality and perpetuate the natural flow of water 
• Manage mineral and grazing use to preserve scenic, scientific, and historic features 

in conformance with enabling legislation 
• Promote the recreation area’s scientific values and encourage its use as an area for 

research 
• Protect and allow appropriate use of museum objects 
• Manage as de facto wilderness the 588,855 acres recommended for wilderness 

designation until Congress takes specific action for such in Glen Canyon National 
Recreation Area 

 
Major Natural Resource Issues: 

• Lack of professional staff for natural resource management activities, program 
development, and coordination 

• Natural resource inventory, monitoring and protection are inadequate 
• Additional management capability needed for fish and wildlife resources, river 

recreation, and grazing 
• Resource protection needs are acute in terrestrial backcountry areas 
• Erosion and cattle trampling of cultural resources 
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Project Statements/ Important Needs 
• Control tamarisk at Rainbow Bridge National Monument 

 
Salinas Pueblo Missions National Monument 
Resource Management Plan Date: 1997 
 
Founding Legislation:  On November 1, 1909, Presidential Proclamation established Gran Quivira.  On 
December 19, 1980, Public Law 96-550, combined the former Gran Quivira National Monument and two 
former state monuments, Abó and Quarai (established in the 1930s), into Salinas National Monument.  
As primary pueblo ruins, integral parts of the missions, and highly significant associated sites extend well 
beyond the boundaries of the old state monuments, the establishing legislation also authorized the 
Secretary to acquire additional lands not to exceed 466 acres (less the 36.25 acres contained in the old 
Abo and Quarai state monuments) to complete the new Salinas National Monument.  In 1987 the park 
was redesignated as Salinas Pueblo Missions National Monument. 
 
The Monument was established to ". . . set apart and preserve for the benefit and enjoyment of the 
American people the ruins of prehistoric Indian pueblos and associated seventeenth century Franciscan 
Spanish mission ruins. . ." 
 
Natural Resources:  

• Water resources – small streams at Abó and Quarai; springs at Quarai, although 
water rights for springs held by others 

• Riparian vegetation, including cottonwood grove at Quarai 
• Plant community at Gran Quivira that has been ungrazed for many years 
• Transient mule deer and pronghorn antelope 
• Observations of desert cottontail and jackrabbit, coyote, bobcat, badger, kit fox, 

porcupine, striped and western spotted skunk, and several varieties of mice and rats.  
Reptiles include several varieties of lizards and snakes, including the western 
diamondback and prairie rattlesnakes 

• One hundred species of birds documented for Salinas Pueblo Missions 
• Air quality is excellent 
• Preserved within the three units of the park are prehistoric and historic Indian pueblos 

and seventeenth century Spanish Franciscan mission complexes, evidence of 
cultural adaptations to the environment and natural resources of the area 

• Ethnographic resources of importance to 13 contemporary puebloan tribes 
 
Natural Resource Management Goals: 
 
Natural Resource Management Objectives: 

• Determine the natural components of the historic scene at each of the three pueblos 
and the relationship of these components to the associated resources 

• Perpetuate and enhance historic landscape elements to restore the historic scene 
wherever feasible 

• Acquire sufficient knowledge of the natural resources of the Salinas province to 
understand the relationships of the people of the province to the environment in 
which they lived 

 
Major Natural Resource Issues: 

• Lack of basic resource data - there is an insufficient understanding of park 
ecosystems and threats that makes it difficult to properly assess the condition of 
resources or identify threats; this lack of data renders it difficult for park management 
to make well-reasoned decisions on how to properly manage the resources 

• Adjacent land uses - increasing development on adjacent and surrounding lands, i.e., 
mining, feral animals, woodcutting, roads and highways, subdivisions and associated 
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developments, water demands, and visual intrusions to the cultural and natural 
setting all result in direct and indirect impacts to the monument resources 

• Surface water threats - uncertain water rights and human-caused alterations in spring 
flows affect water resources 

• Stream channel alteration - alteration includes down cutting or deposition of the 
channel, flooding, or change of flow direction, which result from flagstone mining, 
diversion, vegetation changes, or other human manipulation 

• Non-native species invasion - non-native plant and animal species accompanying 
human occupation have invaded the park with varying degrees of impact to native 
fauna and flora 

• Water pollution - pollution deteriorates water quality and results from the unknown 
effects of sewage effluent, refuse discarding, and grazing 

• Air Pollution - the impact of air pollution on the more fragile park resources such as 
rock art has not been determined.  An increase in acid rainfall could greatly 
accelerate the deterioration of the sandstone and limestone rocks and of the 
cementing agents used in the construction of the missions and pueblos.  An increase 
in air pollution could also decrease the integrity of the historic scene at the three units 

• Graffiti - graffiti on the cliffs adjacent to U.S. Highway 60 within the boundary of Abó 
is unsightly, covers unique pictographs, and continues to pose a threat to those 
resources 

• Native species impact - barn Swallows annually reinhabit and/or construct nests on 
overhangs containing pictographs at Abó.  Unchecked, this activity could irreversibly 
damage these paintings 

• Erosion - drainage through the numerous arroyos at Abó is causing erosion, and 
prehistoric and historic material is washing out of the soil 

 
Sunset Crater National Monument 
Draft General Management Plant/Environmental Impact Statement Date: 2001 (Draft) 
 
Founding Legislation:  1930; Presidential Proclamation No. 1911 (46 Stat. 3023):  
 
"  Whereas, certain geologic formation on lands of the United States within Coconino National 
Forest…are of scientific and public interest, and whereas proper protection of such formations appear 
desirable…the national monument hereby established shall be the dominant reservation, and any use of 
the land which interferes with its preservation or protection as a national monument is hereby forbidden." 
 
Mission:  To preserve and protect Sunset Crater Volcano National Monument’s geological formations, 
features, and resources for scientific interests and research, and for public interest, including scenic, 
educational, and recreational pursuits. 
 
Natural Resources:  

• Sunset Crater is the Colorado Plateau’s most recent eruption of the San Francisco 
Peaks Volcanic Field and is one of the longest-lived cinder cone volcanoes known in 
historic time, with and eruptive cycle that may span more that 100 years 

• The volcanic eruption profoundly affected people in the area and their lifeways and 
left a unique archeological and ethnographic record of human adaptation, response, 
and recovery to volcanic eruption 

• Sunset Crater Volcano and its natural resources continue to have cultural 
significance to contemporary native tribes 

• The park’s volcanic features are seen with few human disturbances and provide 
excellent opportunities for science, education, and interpretation, including insight 
into plate tectonics, ongoing geologic and ecological processes, and a larger view of 
how this area is important in the context of southwestern U.S. and word geology 
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• The microhabitat and climate of Sunset Crater Volcano create an unusual species 
mix, including lichens, molds, and endemic species that are highly visible examples 
of the scientific concepts of succession and adaptation  

 
Natural Resource Management Goals: 

• Natural and cultural resources and associated values within Sunset Crater will be 
protected and maintained in good condition and managed within their broader 
ecosystem and cultural context 

• Sunset Crater National Monument will actively pursue acquisition of natural and 
cultural resource data through NPS staff and funding channels and through 
association with the scientific community 

• Current and complete scientific findings will be available for communication to 
partners, integration into the interpretive program, and use in the management 
decision process 

• Facilities, services, and recreational opportunities will be in keeping with resource 
protection 

• Through education, Sunset Crater National Monument will promote visitor 
understanding of park purpose and significance 

 
Natural Resource Management Objectives: 

• Conserving native plant and animal communities 
• Maintaining natural geomorphic and soil formation processes 
• Preserving unfragmented natural systems 
• Maintaining the natural character/condition of ponderosa pine forest and pinyon 

woodland 
• Controlling the spread of invasive, nonnative plant species 
• Maintaining the integrity of natural systems for ecological research 
• Protect federally listed threatened and endangered species, species of concern, and 

critical habitats 
• Preserving unique geologic features such as cinder volcanoes, lava flows, lava tubes, 

cinder barrens, spatter cones 
• Preserving the integrity of geological resources for scientific research 
• Long term scientific and traditional integrity of culturally sensitive areas including 

resource collection areas 
 
Major Natural Resource Issues: 

• Increasing development of lands surrounding the monument 
• Increased noise from vehicles, construction machinery, etc. 
• Increase in traffic 
• Management of surrounding lands that affect natural resources in the monument 
• Impacts to cinder cones and other geological features from trespass off-highway 

vehicle (OHV) use  
• Impacts to cinder cones and other geological features from visitor use of foot trails 
• Impacts to native plant and animal communities from OHV and visitor use 
• Cinder and pumice mining on adjacent lands or within view of monument 
• Plant species of concern, Penstemon clutei and Phacelia serrata  
• Animal species of concern:  Northern goshawk 
• Animal species of concern in park:  Pronghorn antelope, golden eagle,  
• Special habitats, pioneering vegetation stands isolated in middle of lava flows, 

pioneering vegetation stands on deep cinder deposits, and vegetation downslope of 
lava flows where water may be more abundant than in other locations 

 
Walnut Canyon National Monument 
Draft General Management Plant/Environmental Impact Statement Date: 2001 (Draft) 
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Founding Legislation:  1915; Presidential Proclamation 1318 (39 Stat. 1761):   
 
“Whereas, certain prehistoric ruins of ancient cliff dwellings situation upon public lands of the United 
States, and located in what is commonly known as Walnut Canyon . . . are of great ethnologic, scientific, 
and educational interest, . . . it appears that the public interests would be promoted by reserving those 
relics of a vanished people . . .” 
 
Boundary expansions:  1938, Presidential Proclamation 1300; 1965, Public Land Order 1269 (BLM); 
1996, P.L. 104-333 
 
Purpose:  To protect ancient cliff dwellings and associated resources that are of great ethnographic, 
scientific, and educational interest and to properly care for and manage the cultural and natural resources 
of historic, social, and scientific interest within Walnut Canyon National Monument 
 
Natural Resources:  

• The only known cliff-dwellings of the Sinagua people are located in Walnut Canyon, 
where availability of water and diversity of natural resources made it possible for the 
prehistoric inhabitants to secure a living in a semi-arid region 

• The natural (and cultural) resources within the monument are significant to 
contemporary native people 

• Within Walnut Canyon, ecological communities overlap to form ecotones, bringing 
together species that otherwise are separated by elevation, and creating compressed 
life zones and high biodiversity 

• The combination of topographic relief and biological diversity make the canyon an 
outstanding scenic resource 

• Mountain lion, black bear, elk, mule deer, wild turkey 
• Mexican spotted owl breeding territory, resident peregrine falcons, northern goshawk 
• Cooper’s hawk, sharp-shinned hawk, red-tailed hawk, prairie falcon, golden eagle 
• Twelve species of bats occur in monument, including Townsend’s big-eared bat 
• Den sites for mountain lions 
• Diverse plant communities, including species of ethnographic importance 
• Two plant species of concern, Aquilegia desertorum and Erigeron saxatalis 
• Intermittent streams and seeps support riparian and wetland plant communities 

Natural Resource Management Goals: 
• Natural and cultural resources and associated values within Walnut Canyon will be 

protected and maintained in good condition and managed within their broader 
ecosystem and cultural context 

• Walnut Canyon National Monument will actively pursue acquisition of natural and 
cultural resource data through NPS staff and funding channels and through 
association with the scientific community 

• Current and complete scientific findings will be available for communication to 
partners, integration into the interpretive program, and use in the management 
decision process 

• Facilities, services, and recreational opportunities will be in keeping with resource 
protection 

• Through education, Walnut Canyon National Monument will promote visitor 
understanding of park purpose and significance 

 
Natural Resource Management Objectives: 

• Preserve untrailed expanses, unfragmented natural systems, and relatively pristine 
resource conditions throughout the monument 

• Conserve native plant communities, unfragmented wildlife habitats, natural 
geomorphic and soil formation processes 

• Ensure that intermittent drainage systems function properly 
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• Preserve regional movement corridors and seasonal habitats for wildlife 
• Restore fire-dependent ponderosa pine park lands above canyon rim 
• Exclude non-native species 
• Maintain ecological integrity of natural systems for research 
• Improved communication and involvement in U.S. Forest Service planning processes 

to enhance protection of resources and ecosystem processes that cross monument 
boundaries 

• Build visitor Center close to I-40, to reduce noise and other visitor impacts at canyon 
edge 

• Early detection and control of invasive plant species 
 
Major Natural Resource Issues: 

• Growth of the nearby community of Flagstaff (city limits within two miles) is occurring 
near park boundaries, impacting the visitor experience and remote character of the 
monument 

• Park boundaries are poorly marked, encouraging unacceptable activities (hunting, 
wood cutting, etc.) on park lands 

• State lands adjacent to park boundaries may be sold and housing and roads 
developed 

• Private inholdings on east boundaries may be developed 
• Traffic levels are increasing adjacent to and through the park 
• Lack of trained staff to provide for a safe, educational visitor experience and for 

adequate protection and preservation of park resources 
• Increased visitation and associated visitor impacts with increase in development and 

population of surrounding area 
 
Wupatki National Monument 
General Management Plan/Environmental Impact Statement Date: 2001 (Draft) 
 
Founding Legislation:  December 9, 1924; Presidential Proclamation 1721 (43 Stat. 1977); 
 Wupatki National Monument was established as a two-piece area to preserve the Citadel and Wupatki 
prehistoric pueblos: 
 
 “Whereas…two groups of prehistoric ruins built by the ancestors of…the Hopi or People of Peace; and 
… it appears that the public interest would be promoted by reserving these prehistoric ruins…with as 
much land as may be necessary for proper protection thereof.” 
 
   Boundary expansions:  1937, Presidential Proclamation 2243; 1941, Presidential Proclamation 1454; 
1961, Public Law 87-134, 1996, Public Law 104-33 
 
Purpose:  To preserve, protect, care for, and manage the ancestral Hopi sites, other prehistoric remains, 
and cultural and natural resources of historic, ethnographic, and scientific interest located within Wupatki 
National Monument 
 
Natural Resources:  

• Wupatki National Monument boundaries include a dense concentration of 
exceptionally well-preserved archeological sites, in a setting that is considered a 
“sacred landscape” for several contemporary Native American tribes 

• The natural and cultural resources within the monument are known to be significant 
to contemporary native tribes, as evidenced by oral history and continuing practices 
and the archeological record 

• Historic material reveals a rich record of human endeavor left by Navajo families over 
a period of 150 years and continuing through the present day 
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• Historic material also reveals a rich record of land use by ranchers, sheepherders, 
prospectors, Mormons, the Civilian Conservation Corps, park custodians, and the 
Museum of Northern Arizona 

• Wupatki protects one of the few native grasslands in the Southwest that is not being 
grazed by domestic animals, and its integrity is essential for perpetuating native 
species and natural ecosystem processes 

• Grasslands provide important habitat for antelope; antelope habitat has diminished in 
other areas of Arizona because of development, highway construction, and fencing of 
formerly open range 

• Three plant species of concern:  Pediocactus simpsonii, Phacelia serrata, 
Psorothamnus thompsoniae var. whitingi 

• Other plant species of concern to park: Amsonia peeblesiana, Phragmites communis, 
and Poliomintha incana because of possible overcollection for traditional uses 

• Three animal species of concern:  Wupatki pocket mouse, spotted bat, and 
Townsend’s big-eared bat 

• Other animal species of concern to park:  Pronghorn antelope, golden eagle 
• Karst geological features 
• Plant communities including those associated with riparian zones, vegetated cinder 

alluvial fan, and massive exposed limestone faces of the Doney Anticline 
• Wetland and riparian areas, including Little Colorado River, intermittent streams, 

seeps and springs 
• Scenic vistas 
• Night sky 
• Natural quiet 

 
Natural Resource Management Goals: 

• Natural and cultural resources and associated values within Wupatki will be protected 
and maintained in good condition and managed within their broader ecosystem and 
cultural context 

• Wupatki National Monument will actively pursue acquisition of natural and cultural 
resource data through NPS staff and funding channels and through association with 
the scientific community 

• Current and complete scientific findings will be available for communication to 
partners, integration into the interpretive program, and use in the management 
decision process 

• Facilities, services, and recreational opportunities will be in keeping with resource 
protection 

• Through education, Wupatki National Monument will promote visitor understanding of 
park purpose and significance 

 
Natural Resource Management Objectives: 

• Restore springs and seeps as water sources for wildlife and to enhance wildlife 
habitat 

• Inventory and catalog the plants and animals occurring in the monument 
• Regularly monitor the distribution and status of selected species that are indicators of 

healthy ecosystem function and inherent biodiversity, rare or protected, nonnative 
and native species capable of creating resource problems 

• Nurture research that contributes relevant knowledge for conserving native species 
and ecosystem processes 

• Restore species populations and their habitats where feasible; in particular protect 
and restore grasslands and riparian habitat in Wupatki 

• Control or eliminate nonnative invasive plants and animals where there is a 
reasonable expectation of success and sustainability 

• Manage diseases and pests when feasible and possible 
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• Educate visitors and neighbors on threats to native species and ways to conserve 
these species 

• Cooperate with state and federal agencies and local landowners to sustain the 
regional pronghorn antelope herd 

• Initiate research to understand presettlement fire history and recent dynamics of 
grassland and juniper woodland 

• Use results of above studies to identify desired vegetation condition and 
management-ignited fire objects and revise the Fire Management Plan accordingly 

• Monument staff will work with local communities and other agencies to encourage 
protection of the night skies 

• Monument staff will evaluate impacts on the night skies caused by facilities within the 
monument and will find alternatives 

• Unnatural sounds in and adjacent to the monument will be monitored and action will 
be taken to prevent or minimize sounds that adversely affect park resources or 
visitors enjoyment 

• NPS management noise will be minimized as much as possible by administrative 
decisions 

• Better participation in U.S. Forest Service planning processes to mitigate adjacent 
land use impacts on resources within the monument  

 
Major Natural Resource Issues: 

• Growth of the nearby community of Flagstaff impacts the visitor experience and 
remote character of the monument 

• Traffic levels are increasing adjacent to and through the park; many roads through 
monument difficult to control or close 

• Access to park through neighboring lands leads to poaching, woodcutting, and off-
road vehicle use within monument boundaries 

• Impacts of fire on juniper woodlands and grasslands 
• Invasive exotic plant species 
• Decrease in habitat for pronghorn antelope 
• Changes in extent of juniper-dominated woodlands 
• Sustainable use of ethnographic resources 
• Lack of trained staff to provide for a safe, educational visitor experience and for 

adequate protection and preservation of park resources 
• Increased visitation and associated visitor impacts with increase in development and 

population of surrounding area 
 
Yucca House National Monument 
Resource Management Plan Date: 1999 
 
Founding Legislation:  Deeded to National Park Service, July 2, 1919; Established by Presidential 
Proclamation 1549 (41 Stat. 1781): 
 
This monument was established “…with a view to the preservation of said ruin and preservation deemed 
to be in the public interest.” 
 
Natural Resources:  

• Vegetation characteristic of lowlands; mesa-toe and alluvial deposits; including four-
wing saltbush, big sagebrush, and piñon-juniper vegetation types 

• Spring and associated wetland vegetation 
• Bird, mammal, reptile and amphibian animal communities 
• Intact archeological site from the Mesa Verde and Chacoan periods reflecting 

adaptations of the inhabitants to the semi-arid environment of the area and cultural 
relationships of two primary Anasazi groups 
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Natural Resource Management Goals: 
 
Natural Resource Management Objectives: 

• To preserve and protect the monument’s significant cultural and natural resources 
from direct or indirect damage from natural forces or human activities 

• To provide for visitor use, safety, and enjoyment of Yucca House National 
Monument’s cultural and natural resources 

• To provide the opportunity for and encouragement of research by bona fide 
educational institutions and qualified individuals where such research does not 
unduly impact the monument’s cultural and natural resource values 

• To manage the monument’s natural resources so as to allow for restoration and 
perpetuation of natural processes, while affording maximum preservation to the 
cultural resources 

• To increase and improve interpretive and other visitor activity services commensurate 
with monument capacities, use trend, visitor needs, and enabling legislation 

• To encourage regional planning and cooperative land management 
 
Major Natural Resource Issues: 

• Lack of comprehensive baseline data 
• Coordination between cultural and natural resource management to protect both 

types of resources 
• Lack of natural resource staff to devote adequate time to Yucca House 
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Appendix G:  SCPN Parks’ Superintendent Interview Summaries 
 
Introduction 
Vital Signs Monitoring is one of the components of the national strategy designed by the National Park 
Service to ensure that all park units with significant natural resources have the information needed for 
effective decision-making and resource protection.  Part of Phase One of the Vital Signs Monitoring 
Program is to interview park superintendents in order to obtain their input on important natural resources, 
threats to those resources, and major resource management issues facing the parks now and in the 
foreseeable future.  This document includes summaries of interviews with superintendents conducted by 
SCPN staff. 
 
There were thirteen questions comprising the interview: 
 

1. What are the park’s most valuable/important/significant species of concern? 

2. What are the park’s species of concern? 

3. What are the park’s most important natural resource management issues? 

4. What are the greatest current threats to significant park natural resources? 

5. What are the greatest potential threats to significant park resources?  

6. What are the park’s most significant natural resource needs? 

7. Are there current research, inventory, or monitoring projects on natural resources being 

conducted in the park? 

8. Are there any historic research, inventory, or monitoring projects that you think are especially 

valuable in understanding the park’s natural systems? 

9. Are you working with other agencies/land owners on any inventory, monitoring, research, or 

restoration projects? 

10. Are there any scientists or “park experts” who you would like to recommend for the Science 

Advisory Committee? 

11. If you could only have one long-term monitoring project in your park, what would it be? 

12. We want information produced by the Inventory and Monitoring Program to be widely interpreted.  

What is the best way to make this information available to interpretive staff and the public? 

13. Are there other issues you would like considered?  For example, interdisciplinary topics, 

landscape level changes, or topics about which you think we need more information to help us 

further identify important monitoring needs? 

 

Superintendents often consulted with their park’s natural resource staff in preparing the responses to 
these questions. 
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Aztec Ruins National Monument 
Park Superintendent:  Stephanie DuBois (Not available because of illness) 
Park Natural Resource Manager:  Terry Nichols (participated in interview) 
Date of Interview:  December 8, 2002 
Interviewer:  Anne Cully, SCPN 
 
1.  Most valuable resources: 

• Diversity of habitats within small area: riparian, uplands (terraces), formerly grazed and farmed 
areas, irrigation ditches 

• Diversity of animals and plants associated with diversity of habitats 
2.  Species of concern: 

• Bats, including spotted bat, western small-footed Myotis, pallid bat 
• Yellow-billed cuckoo (state and federal species of concern) 
• Bobcats, bears (rare sightings) 
• Mule deer 

3.  Most important natural resource management issues: 
• Noxious weeds (Russian knapweed, white-top, bull thistle) 
• Other exotic species, including Russian olive, tamarisk 
• Alterations in plant and animal communities due to cessation of irrigation 

4.  Greatest current threats to significant park natural resources: 
• Farmer’s irrigation ditch provides a path for exotic plant species to enter monument 
• Existing gas wells 
• Poaching 
• Feral animals taking native wildlife 

5.  Greatest potential threats to significant natural resources in park: 
• Resident Gunnison’s prairie dogs and neighboring landowner interactions  
• Additional gas wells 
• Development and encroachment on park boundaries (especially the north side) 
• Fire – natural or human caused, including controlled burns for vegetation growing on 

unexcavated archeological sites 
6.  Most important natural resource monitoring needs: 

• Changes in populations of noxious weeds, and new additions to monument 
• Prairie dog colony 
• Nursing colony of pallid bats 
• Water quality for irrigation ditches and Animas River 
• Effects of large mule deer herds on resources of monument 
• Health of old orchards 
• Vegetation monitoring for restoration projects 

7.  Current research, inventory, and monitoring projects: 
8.  Important historic research, inventory or monitoring projects: 

• General management plan 
• Cultural landscape inventories 
• Old photos 

9.  Cooperation with other agencies or landowners on inventory, monitoring, research, or restoration 
projects: 
• Private land owners – monument on good terms with neighbors; neighbors concerned about bull 

thistle spread and mule deer poaching 
10.  Scientists recommended for Science Advisory Committee: 

• Ken Heil, San Juan Community College – plant species in the San Juan Basin 
11.  One long-term monitoring project in park:  

• Noxious weeds 
12.  Best way(s) to make I&M information available to interpretive staff and public: 

• Publish information in local community newspaper (The Talon) 
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• Publish information in newspapers of near-by cities (Farmington Daily Times) 
• Include one page summaries with technical reports for non-experts and park volunteers 
• Have personal presentations to staff especially during training  

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Integrate cultural landscape approach and natural resource management 

 
Bandelier National Monument 
Park Superintendent:  Steven D. Bone 
Park Natural Resource Manager:  Steve Fettig, Brian Jacobs, John Mack, Craig Allen  
          (U.S.G.S.); (all participated in interview) 
Date of Interview:  December 12, 2002 
Interviewer:  Anne Cully, SCPN 
 
1.  Most valuable resources: 

• Watershed integrity from high to low elevations  
• Because of watershed integrity, fragmentation and external threats are reduced 
• Plant and animal communities representative of different elevations and topographic situations 

are found in monument 
• Surrounding lands are mainly undeveloped; monument is located in a relatively uninterrupted 

landscape 
• Night sky  
• Air quality  
• Significant cultural resources are overlaid on the natural resources 
• The integration of watershed integrity, biogeographic diversity, night sky, air quality, location, and 

cultural resources creates a special experience for the visitors to Bandelier 
2.  Species of concern: 

• Zone-tailed Hawk (northern edge of range) 
• Mexican fee-tailed bats (roosts) 
• Turkey Vulture (roost in Frijoles Canyon) 
• Jemez Mountains salamander 
• Peregrine Falcon 
• Bald Eagle, 
• Mexican Spotted Owl 
• Rocky Mountain big horn sheep (potential re-establishment by State) 
• Swift fox (several sightings) 
• Invertebrates – midges, beetles, and other species (some yet to be discovered) 
• Wetland plants – e.g. lady-slipper orchid, only population in Jemez Mountains 

3.  Most important natural resource management issues: 
• Elk management (numbers are out of documented pre-European range of variation; current 

browsing is altering forest structure.) 
• Exotic plant species 
• External impacts (trail access, development particularly of the Caja del Rio “the box area” 

between monument and Santa Fe, fire management, wildlife management, etc.) 
• Restoration of Rio Grande cutthroat trout – issues include balancing potential loss of invertebrate 

species (some of which may be new to science) due to preparation of streams for reintroduction, 
and potential benefits of restoration of native fish species in multiple locations 

• Natural resource management effects on cultural resources (influences of management fires, 
vegetation management, and wildlife populations (e.g. elk) 

4.  Greatest current threats to significant park natural resources: 
• Short term – catastrophic fire and accelerated soil loss 
• Long term – Lack of fire regime that maintains complex of vegetation types and associated 

biological diversity 
• Outside development and encroachment 

5.  Greatest potential threats to significant natural resources in park: 
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• Conversion of habitats on a large scale – due to catastrophic wildfire or extensive forest thinning 
all at once 

• Cochiti Dam management – affects Rio Grande and associated riparian habitats 
• Management of surrounding lands - U.S. Forest Service, Valles Caldera, Los Alamos National 

Laboratory, 
• Presence of contaminants from LANL activities 
• Exotic plant species 
• Lack of funding for natural resource staff and projects 

6.  Most important natural resource monitoring needs: 
• Species composition, structure, and function of vegetation types (possible integration of 

monitoring other taxonomic groups at vegetation monitoring points) 
• Effects of park management actions on natural resources 

7.  Current research, inventory, and monitoring projects: 
 (Only some projects are listed below.  Many projects sporadic due to funding constraints).  

• Fire effects (related to management ignited fires) 
• Ponderosa pine growth related to climate (dendro-band study) 
• Watershed restoration (PJ thinning to restore vegetation and soil dynamics.  
• Elk telemetry (tracking population movements across boundaries) 
• Vegetation-elk dynamics (tracking composition and structural changes) 
• Vulture roost monitoring (tracking the number of bird using the summer roost) 
• Bird transects and atlasing 
• LTER vegetation transects 
• Fire history reconstruction 
• Aircraft overflight counts (timed counts of aircraft heard over park/wilderness) 
• NADP (atmospheric deposition monitoring) 

8.  Important historic research, inventory or monitoring projects: 
• The park has important inventories on fire history (Ph.D. thesis), plants (herbarium collection), 

birds (transect data) mammals (report), fish (report), and reptiles and amphibians (report). 
9.  Cooperation with other agencies or landowners on inventory, monitoring, research, or  
     restoration projects: 

• U.S.G.S. – piñon-juniper woodland restoration 
• U.S. Forest Service – vegetation mapping 
• University of New Mexico/The Nature Conservancy – vegetation mapping 
• Valles Caldera – elk management, also LANL, and USFS 
• New Mexico Department of Game and Fish – assessing potential for native fish restoration; 

Rocky Mountain bighorn sheep restoration 
10.  Scientists recommended for Science Advisory Committee: 

• Craig Allen, and possibly Cliff White or Stephen Woodley 
11.  If only one long-term monitoring project in park: 

• Integrated, long-term ecological study plots - develop methods to be used network-wide 
12.  Best way(s) to make I&M information available to interpretive staff and public: 

• Focus on a few important topics 
• Provide training for interpreters and maintenance staff from I&M Program point of view 
• Provide summaries, key messages, and power point presentations with technical reports from 

I&M projects for chiefs of interpretation and other staff 
• Present information on I&M Program in rotating locations throughout network; include talks, 

posters, and other packages 
• Eventually having yearly results of monitoring on the web in graphical format.  An example of this 

already being done for birds in Canada can be seen at <http://www.bsc-
eoc.org/national/migmain.jsp> after you select the species to graph. 

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Actively pursue communication with other networks so as to integrate some aspects of long term 

monitoring across network boundaries. 
• Use issues and threats in parks for prioritizing monitoring project 

http://www.bsc-eoc.org/national/migmain.jsp
http://www.bsc-eoc.org/national/migmain.jsp
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Canyon de Chelly National Monument 
Park Superintendent:  Scott Travis 
Park Natural Resource Manager:   
Date of Interview:  January 21, 2003 
Interviewer:  Anne Cully, SCPN 
 
1.  Most valuable resources: 

• Water supply 
• Hanging gardens in Canyon de Chelly and Canyon del Muerto 
• Riparian zones in upper ends of watersheds 
• Geological formations, including detached spires 

2.  Species of concern: 
• State and federal listed species including Mexican spotted owl and southwestern willow 

flycatcher 
• Migratory bird species  
• Black bear population characterized by being larger than normal size and with redder coats 
• Mountain lions 

3.  Most important natural resource management issues: 
• Exotic plant species – Russian olive and tamarisk 
• Erosion – canyon dissection in general 
• Water quantity – affected by earthen dams at heads of both canyons; impacts agriculture in 

canyon 
• Water quality 
• Lack of inventory information 
• Lack of knowledge of hydrology and hydrogeology 

4.  Greatest current threats to significant park natural resources: 
• Exotic species  

5.  Greatest potential threats to significant natural resources in park: 
• Increasing dissection in canyons, resulting in loss of water table and impacts on natural and 

cultural resources 
6.  Most important natural resource monitoring needs: 

• Water quality – continue and expand work with Navajo Nation 
• Migratory and resident bird populations 
• Hanging gardens – indications of die-off due to lack of water 

7.  Current research, inventory, and monitoring projects: 
• SCPN inventories, including those for plants, amphibians, reptiles, and birds 
• Park is part of regional monitoring of vegetation composition 
• Geology and geomorphological monitoring in Canyon del Muerto for accompanying 

archeological survey 
8.  Important historic research, inventory or monitoring projects: 

• Vegetation survey and map associated with archeological survey and excavation of Antelope 
House in 1970s 

• Study of isolated butte on Canyon de Chelly side of monument 
• Compendium of natural resources material housed at monument 
• General Management Plan has been initiated and it will summarize relevant information 

9.  Cooperation with other agencies or land owners on inventory, monitoring, research, or  
     restoration projects: 

• Navajo Nation – grant for watershed issues; forest and watershed planning 
• NRCS – targeted projects to reduce erosion 
• Multi-agency and multi-organization established to develop watershed strategy – resurrecting 

group  
10.  Scientists recommended for Science Advisory Committee: 

• Glenn Rink, Biology Department, Northern Arizona University - Botany 
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• Dave Mikesic, Navajo Heritage Program - Zoology 
• Tara Travis, Arizona State University – Landscape changes over last 100 years 

11.  One long-term monitoring project in park (unable to settle on one): 
• Invasive species – most important issue 
• Migratory birds 
• Beaver populations expanding 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Multi-tiered approach:  
• Field-based tools, tied into explicit training for staff, including graphics (e.g. photos with overlays) 

for use in field;  
• Rehabilitation of museum including more natural resource information;  
• Web-based resources  

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Develop a multi-disciplinary approach using historic documents and oral histories to show that 

canyon has changed dramatically in recent past 
• Put archeological, geomorphological, and biological information together for complete picture of 

prehistoric and historic conditions and changes in monument 
 
Chaco Culture National Historic Park 
Park Superintendent:  Stephanie DuBois (Not available because of illness; will try to reschedule  

meeting) 
Park Natural Resource Manager:  Brad Shattuck (participated in interview) 
Date of Interview:  December 8, 2002 
Interviewer:  Anne Cully, SCPN 

 
1.  Most valuable resources: 

• Viewshed, including day and night skies 
• The park represents the largest natural reference area in the Colorado Plateau for ungrazed 

desert grassland and semi-riparian habitats 
• The park includes within its boundaries a succession of ungrazed and grazed areas 
• The park includes soil types ranging from eroded to intact 
• Cryptobiotic crusts and other microphyte communities 
• Seep springs (many dry due to recent drought conditions) 
• Wildlife  

2.  Species of concern: 
• Rocky Mountain elk (Cervus elaphus) – most important for monitoring because of possible 

effects on vegetation and related resources 
3.  Most important natural resource management issues: 

• Elk population may affect vegetation recovery 
• Air quality/air pollution – air quality affected by power plant emissions 
• Rapid growth and development of surrounding lands due to new and expanded coal and power 

plant development 
• Recognition of the park as the largest natural reference area in region for ungrazed desert 

grassland and semi-riparian habitats 
• Exotic species (mainly plants) control and restoration of park lands 
• Backcountry management – proliferation of social trails 
• Land acquisition of non-park lands within park boundaries (e.g. one-half of Pueblo Pintado 

owned by PNM; lands on Chacra Mesa) 
4.  Greatest current threats to significant park natural resources: 

• Elk in the park may be changing plant communities as well as affecting archeological sites 
• Expansion of exotic plant species and related ecological effects 

5.  Greatest potential threats to significant natural resources in park: 
• A 300MW coal-fired power plant is proposed 20 miles south of the park boundary 
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• The plant has potential to impact air quality, night sky, mortar in archeological sites, microphyte 
communities, aquifer levels, as well as amphibians, plants, invertebrate, and other groups of 
organisms 

• The power plant and associated development will affect the park soundscape and viewshed, as 
well as the quality of the visitor experience by altering the sense of remoteness, and cultural and 
natural landscape integrity of the area.  

6.  Most important natural resource monitoring needs: 
• Continue to monitor and band golden eagles 
• Continue to monitor rock fall from canyon walls near archeological sites and housing area 
• Acquire baseline data and on and monitor elk and mule deer populations 
• Monitor air quality, including SO2, O3, and particulates 
• Monitor soundscape (Ambient noise study) 
• Monitor night sky (Ambient night light study) 
• Monitor erosion rates in Fajada, Chaco, and Gallo washes 
• Monitor piñon-juniper woodland community dynamics 
• Monitor seep springs’ health and document diversity 

7.  Current research, inventory, and monitoring projects: 
• Riparian vegetation study (Prescott College) 
• Elk study (U.S.G.S. – New Mexico Cooperative Fish and Wildlife Research Unit) 
• Reptile and amphibian inventory (I&M Program) 
• Monitoring shallow aquifer wells associated with Chaco Wash (water levels, discharge, and 

geomorphology) 
• Monitoring rock fall above housing area 
• Repeat photography (Harold Malde) 
• Mammal inventory (I&M Program - 2003) 
• Exotic plant species inventory (I&M Program – 2003) 
• Cultural landscape inventories (U.S.G.S. Colorado Plateau Field Station – 2003) 
• Aerial photography to use in vegetation mapping (I&M Program – 2003) 

8.  Important historic research, inventory or monitoring projects: 
• Old photos 
• Documentation of erosion control and vegetation restoration efforts by CCC and others in park 

files 
9.  Cooperation with other agencies or landowners on inventory, monitoring, research, or  
     restoration projects: 

• Golden eagle banding and monitoring with the Navajo Nation 
• Bird and invertebrate inventory with the University of New Mexico 
• Inventory of riparian health with Prescott College 
• Funded project on cultural landscape with U.S.G.S. Colorado Plateau Field Station 
• Future project with local Navajo Nation chapter houses on developing efficient, low wattage, 

shielded lighting 
10.  Scientists recommended for Science Advisory Committee: 

• Hamilton Smith, University of New Mexico (birds) 
• Ernie Valdez, U.S.G.S. Arid Lands Field Station, (mammals) 
• Erika Nowak, Northern Arizona University (reptiles and amphibians) 
• Trevor Persons, Northern Arizona University (reptiles and amphibians) 
• Dale With, Bureau of Land Management (technical science advisor on ozone, water, and air 

quality) 
• Paul Whitefield, National Park Service, Flagstaff parks (natural resources in general) 

11.  One long-term monitoring project in park (unable to settle on one): 
• Elk population 
• Ozone levels 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Use of internet, including website for park; provide comprehensive animal and plant checklists 

that can be used by visitors 
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• Internet and/or printed overviews of species present in park and habitat use as well as other 
relevant topics of interest to park visitors)  

• Include with each scientific report a one-page summary of technical report in layman’s terms; 
without this summary, project should not be officially completed 

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Determine early (pre)historic vegetation communities (beginning 1200-1500AD) 
• Traditional collecting of natural resources for modern ethnographic uses – thus far, these uses 

are undocumented at Chaco 
• Inventory and map soil types and soil microphyte communities 
• Conduct range analysis on Navajo allotments within park boundaries – AUM’s of areas to help 

determine potential trades 
• Map cheatgrass invasion and assess ecological impacts 
• Survey and map paleontological resources 
• Inventory and map soil microphyte communities 
• Compare prairie dog and burrowing mammal communities in grazed and ungrazed habitats 
• Acquire baseline fire weather data (can be achieved by monitoring O3) 
• Inventory insect taxa (butterflies, moths, etc.) – high likelihood of encountering endemic insect 

taxa in Werito’s Rincon) 
• Map fuel types, fire breaks, and ignition potential 
• Historical fire regimes and soil succession in Chaco 
• Map and correlate hunter-gatherer (Archaic period) archeological sites and the presence of 

today’s grazing mammals 
• General facilities management and integration within modern, historical, and cultural landscape 

of Chaco 
 
El Malpaís National Monument 
Park Superintendent:  John Lujan 
Park Natural Resource Manager:  Herschel Schulz (participated in interview) 
Date of Interview:  November 22, 2002 
Interviewer:  Anne Cully, SCPN 
 
1.  Most valuable resources: 

• Geologic features 
• Volcanic features – lava tubes, caves, kapukas 
• Ecological characteristics associated with volcanic features – varying elevations, climate, plants, 

animals, ecotones 
• Wilderness – solitude, away from development 
• Land use history – evidence of prehistoric and historic cultural use of landscape 

2.  Species of concern: 
• All bat species, including Townsend’s big-eared bat (federal and state species of concern) – live 

in lava tubes  
• Neo-tropical migrant bird species (not well known at this time) 

3.  Most important natural resource management issues: 
• Fire and fire ecology 
• Trespass cattle impacts due to difficulty of fencing 130 mi boundary 
• Lack of survey and documentation of natural resources 
• Lack of trained staff to document current conditions and changes in ecosystem processes in 

wilderness areas 
• Lack of staff with subject matter expertise in natural resources 
• Lack of basic natural resource inventory and related databases 
• Lack of wildlife inventories and monitoring of wildlife use at the park including migration, 

temporary use, breeding, etc. 
• Lack of knowledge about how fire management influences natural resources, including wildlife 
• Erosion – from natural processes and those associated with grazing, human use 
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4.  Greatest current threats to significant park natural resources: 
• Visitor use – recreation and illegal uses 
• Lack of staff to provide visible presence on ground to prevent or mitigate impacts from visitor 

use, trespass, poaching and other activities. 
• Lack of knowledge about natural and cultural resources 
• State of New Mexico proposed legislation to require mitigation of hazardous fuels on federal 

lands (including NPS) 
• NPS directives for resource management without additional funding to carry them out; NPS 

ideas that become popular but are not thought out for specific conditions at various parks 
5.  Greatest potential threats to significant natural resources in park: 

• Alien plant and animal species and their potential impacts on native species 
• Increased visitor access 
• Lack of knowledge about natural resources and inability to measure changes 
• Encroachments from inholdings and along outside boundaries 
• Effects on park surface and ground water by diversions and ground water pumping outside of 

park boundaries 
6.  Most important natural resource monitoring needs: 

• Monitoring of visitor use to develop understanding of and ability to mitigate impacts on natural 
resources 

• Development of simple monitoring methods that can be done by park staff and volunteers 
7.  Current research, inventory, and monitoring projects: 

• Staff has kept photo records of grazing impacts 
• Volunteer group inventory and monitoring of caves 
• Staff monitors visitor impacts at parking lot using photos 
• Archeological survey includes vegetation, erosion data, and photos 
• Fire history research 
• Climate change 
• Tree growth 
• Piñon scale expansion 
• Earlier inventory effort – six new species of crickets (not published yet) 
• 1997 symposium – review for research needs 

8.  Important historic research, inventory or monitoring projects: 
• Old photos of landscapes, caves, lava tubes, other features 
• Carlton’s reports and inventories of caves and lava tubes (checking NatureBib to make sure 

SCPN has entry) 
• Maxwell’s geologic maps (checking NatureBib and Dataset Catalog to make sure SCPN has 

entry) 
9.  Cooperation with other agencies or land owners on inventory, monitoring, research, or  
     restoration projects: 

• Sandia Grotto Cavers – volunteers inventory, map, and monitor caves and lava tubes 
• Natural Resources Conservation Service – provides alien species, erosion control advice 
• Bureau of Land Management – cooperated on past inventories; now cooperate on reintroducing 

fire into ecosystem 
• Multi-agency (U.S.D.A. Forest Service, New Mexico Highway Department, Natural Resources 

Conservation Service, Bureau of Land Management, National Park Service Water Resources 
Division) and private land owners cooperate on restoring flows to Agua Fria Creek 

• Acoma and Zuni tribes – erosion control at archeological sites 
10.  Scientists recommended for Science Advisory Committee: 

• Dr. Henri Grissino-Mayer, University of Tennessee – dendrochronology 
• Dr. David Bleakley, LTER, University of New Mexico 
• Dr. Bob Parmenter, LTER, University of New Mexico 
• Dr. Juanita Ladyman, Consultant 

11.  One long-term monitoring project in park (unable to settle on one): 
• Visitor impacts on natural resources 
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• Bat populations throughout park 
12.  Best way(s) to make I&M information available to interpretive staff and public: 

• Information should be web-based as opposed to hard copy, with many links to related sites 
• Information should be understandable in layman’s terms 
• Need a trained natural and cultural resource specialist to serve as interpreter of information 

generated by I&M program 
• Interpreters should be brought into I&M process 

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Landscape – Place ELMA in context of broader regional landscape 
• Communication with neighbors 
• Monitor political perceptions as they relate to NPS management philosophies and practices 
• Develop models based on socioeconomic and demographic trends to predict impacts on parks 
• Do a better job of educating politicians and others about meaningfulness of inventory and 

monitoring; prevent distortions of data and interpretations; communicate reasonable 
expectations and timelines 

• Develop a sustainable, long-term program for inventory and monitoring, with simple plans and 
methods that can be accomplished by parks 

 
El Morro National Monument 
Park Superintendent:  Peri Eringen 
Park Natural Resource Manager:  Fred Moosman, Sarah Beckwith (participated in interview) 
Date of Interview:  December 13, 2002 
Interviewer:  Anne Cully, SCPN 
 
1.  Most valuable resources: 

• Combination of natural and cultural resources 
• Air quality 
• Night sky 
• Healthy piñon pine and ponderosa pine forests and other vegetation types 
• Wildlife, including breeding and migrant birds 
• Water availability 

2.  Species of concern: 
• Nesting peregrine falcons 
• Other wildlife, including great horned owls, red-tailed hawks, bear, elk, mountain lion, mule deer. 
• Potential for black-footed ferrets 

3.  Most important natural resource management issues: 
• Boundary expansion:  how to protect viewshed and natural resources 

4.  Greatest current threats to significant park natural resources: 
• Exotic species  
• Noise from Highway 53, gravel pit, Blackhawk helicopter and fixed-wing aircraft 
• Fast truck and other traffic on Highway 53 

5.  Greatest potential threats to significant natural resources in park: 
• Long-term drought may affect trees (as seen in other locations where drought/insects cause 

extensive tree mortality) 
• Water availability in park may be reduced due to local land use and law suits 
• Viewsheds will be impacted by increasing encroachment along boundaries  
• Increase in noise, traffic, and dust due to gravel pit expansion 
• Increase in noise due to increase in aircraft numbers and trips 

6.  Most important natural resource monitoring needs: 
• Rockfall from sandstone outcrops is closely monitored 
• Condition of inscriptions is closely monitored 
• Monitor vibration from highway traffic 
• Monitor sound 
• Monitor invasive plant species 
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• Monitor cryptobiotic crusts 
• Monitor night sky 
• Monitor effects of burrowing animals on archeological sites 
• Monitor animal activities around pool and in box canyon 

7.  Current research, inventory, and monitoring projects: 
• Rockfall from sandstone outcrops is monitored 
• Condition of inscriptions is monitored 
• Inventory projects sponsored by I&M Program 

8.  Important historic research, inventory or monitoring projects: 
• Lichen study (has brought world-wide attention to monument) 
• Inventory reports 
• Orthophoto quads (a good time series available) 
• Photos of pool 

9.  Cooperation with other agencies or land owners on inventory, monitoring, research, or  
     restoration projects: 

• Through I&M Program, cooperation with Southern Colorado Plateau Network, U.S.G.S. 
(Colorado Plateau Field Station and Arid Lands Research Station), Northern Arizona University, 
University of New Mexico Museum of Southwestern Biology) 

10.  Scientists recommended for Science Advisory Committee 
11.  One long-term monitoring project in park (unable to settle on one): 

• Geology, including erosion and deposition monitoring 
• Monitoring bird communities and species 
• Animal use of semi-permanent pool 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Internet – however, there needs to be improvement of park computer capabilities and 

connectivity to make this possible 
• Briefings for park interpretive staff by experts 
• Written summaries of natural resource inventories or other natural resource studies for 

interpretive and other park staff 
13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 

• Invertebrates, especially insects, should receive attention 
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Glen Canyon National Recreation Area/Rainbow Bridge National Monument 
Park Superintendent:  Kitty Roberts (Bill Pierce, Deputy Superintendent also present) 
Park Natural Resource Manager:  John Ritenour, John Spence (both present) 
Date of Interview:  March 10, 2003 
Interviewer:  Lisa Thomas, Nicole Tancreto, Ron Hiebert 

 
1.  Most valuable resources: 

• Clean water 
• Riparian, wetland and spring communities 
• Night sky 
• Natural sound 
• Scenery 
• Birds 
• Paleoquaternary resources 

2.  Species of Concern: 
• Jones cycladenia (Cycladenia jonesii) 
• Navajo sedge (Carex specuicola) 
• Mexican spotted owl (Strix occidentalis lucida) 
• Southwestern willow flycatcher (Empidonax traillii) 
• Razorback sucker (Xyrauchen texanus) 
• Colorado pikeminnow (Ptychocheilus lucius) 
• Humpback chub (Gila cypha) 
• Bonytail chub (Gila elegans) 

3.  Most important natural resource management issues: 
• Grazing 
• Water quality 
• Exotic plants 
• Recreation impacts 
• Sedimentation 
• Air quality 
• Natural quiet 

4.  Greatest current threats to significant park natural resources: 
• Grazing 
• Recreation impacts 
• Exotics 
• Air pollution 

5.  Greatest potential threats to significant natural resources in park: 
• Climate change 
• Zebra mussels 
• Exotic plant invasions 
• Water pollution and sedimentation from mills, tailing, development in upriver watersheds 
• Drought 
• Hydrocarbons 

6.  Most important natural resource monitoring needs: 
• T&E species and species of special status or concern 
• Water (quality, quantity, seeps-springs) 
• Grazing impacts 
• Riparian-wetland-spring communities 
• Recreational vessel impacts (noise, air and water pollution) 

7.  Current research, inventory, and monitoring projects: 
• Bald and golden eagle monitoring 
• Waterbird monitoring on Lake Powell 
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• Waterbird monitoring on Colorado River from Dam to Lees Ferry 
• Pediocactus bradyi monitoring 
• Cycladenia jonesii monitoring 
• Carex specuicola monitoring 
• Ethnobotany at Lees Ferry monitoring 
• USGS grazing impacts research 
• USGS side canyon research on recreational impacts 
• USGS Lake Powell limnological monitoring 
• Exotic plant species monitoring 
• Bird inventory 
• Reptile and amphibian inventory 
• Flora inventory 
• Cryoptogamic plant inventory 
• Vegetation mapping and classification 
• Aquatic invertebrate research at hanging gardens 
• Rare plant genetics research at hanging gardens 
• Upland vegetation-grazing monitoring 
• Hanging garden and spring inventories 
• Zebra mussel monitoring 
• New Zealand mud snail monitoring 
• Aquatic invertebrate inventories (general) 
• Water quality monitoring on Lake Powell 
• Crotalus viridis subspecies in Glen canyon 
• Flora of the San Juan River Basin Project 

8.  Important historic research, inventory or monitoring projects: 
• Difficult to answer without more specifics, as in “how historical”, and in reference to what? 

9.  Cooperation with other agencies or landowners on inventory, monitoring, research, or  
     restoration projects: 

• BLM 
• Grand Staircase-Escalante National Monument 
• Grand Canyon NP 
• Utah Division of Wildlife Resources 
• ADEQ 
• UDEQ 
• Arizona Game & Fish Department. 

10.  Scientists recommended for Science Advisory Committee: 
• Dave Kraemer-UNLV 
• Dave Lightfoot-UNM 
• Bill Romme-CSU 
• Duncan Patten-MSU 
• Abe Springer-NAU 
• Kimball Harper-BYU 

11.  One long-term monitoring project in park (unable to settle on one): 
• Spring and seep integrated monitoring 
• Wetland and upland vegetation and associated soils and climate change. 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Place interpreters in resource management divisions 
• Web sites 

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Make sure that vital signs are common to all parks with similar resources, not something unique 

to one park (such as grazing at GLCA). 
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Grand Canyon National Park 
Park Superintendent:  Joseph Alston 
Park Natural Resource Managers:  Cole Crocker-Bedford, R.V. Ward, Niki Juarez-Cummings, Carl 
Bowman, John Rihs, Dan Spotsky, Rande Cross (all present at Nov. 19, 2002 interview); Jeff Cross 
(present at March 27, 2003 interview) 
Dates of Interviews:  November 19, 2002 (with NR staff) and March 27, 2003 (with Supt) 
Interviewers:  Anne Cully, Nicole Tancreto, Ron Hiebert, Lisa Thomas 
 
1.  Most valuable resources: 

• Scenic vistas (distance, color, and texture), relative cleanliness of the air (goes to visitor 
expectations of park experience) 

• T&E reservoir for species such as condors and Mexican spotted owls 
•  Special habitats such as hanging gardens and old-growth forests.   
• Isolated areas can be refugia for rare species, extensive habitats with few effects from resource 

extraction 
• Colorado River and associated tributaries 
• Seeps and springs – 30% of species richness associated with these 

2.  Species of concern: 
• Species sensitive to air pollution such as ozone, including (but not limited to) aspen, ponderosa 

pine, skunk bush (Rhus trilobata), lichen species 
• Humpback chub and other native fish (only 4 out of 8 native species remain) 
• Mexican spotted owl 
• California condor 
• Northern goshawk 
• Leopard frogs  
• 65 plant species of concern due to rarity 
• 158 invasive species 

3.  Most important natural resource management issues: 
• Fire effects on old-growth trees, forests – fire management needs to consider Desired Future 

Conditions not just reintroduction of fire 
• Visibility (continue to maintain the best days, reverse trend for increasingly impaired dirty days), 

ozone (identify “hotspots” and characterize source areas to assess reason for increases through 
1990’s and declines in the last couple years), deposition (ensure decreasing trends continue), 
smoke management in ecosystem restoration. 

• Loss of fish to Glen Canyon Dam 
• Loss of habitat to exotic species, especially to invasive plants 
• Invasive exotic species 
• Wells in Coconino Plateau affecting springs 
• Human degradation of caves 
• Meeting Park Service mandates despite the effects of Glen Canyon Dam 
• Impacts of exotics (javelina, bison, elk), need to be certain of role, nativity, etc. 

4.  Greatest current threats to significant park natural resources: 
• Pumping ground water south of park and drought affecting aquifers, could ultimately affect seeps 

and springs 
• Visibility impairment, increasing ozone exposure  
• NPS development without baseline data 
• Invasive species and inadequate funds to counter the invasive exotic species  
• Dam operations 
• Careless cavers, and recreationists at springs 
• Visitor impacts on side canyons and streams 
• Streams in side canyons moving from 80% native fish to 80% non-native 

5.  Greatest potential threats to significant natural resources in park: 
• Global warming 
• Catastrophic fire 
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• Invasive exotic species 
• Lack of baseline data 
• Hidden visitor impacts in remote areas 
• Loss of T&E fish in Colorado River 
• Loss of beaches along Colorado River 
• Wells in Coconino Plateau affecting springs 
• Human degradation of caves 

6.  Most important natural resource monitoring needs: 
• Mexican spotted owl 
• California condors 
• Bison 
• Herpetofauna 
• Bighorn 
• Changes in plant communities owing to invasive exotic species 
• Effects of wells in Coconino Plateau on spring flow  
• Effects of humans on springs  
• Effects of visitors on cave resources  
• In addition to current air quality monitoring, a park-wide ozone survey, establishment of an in-

Canyon nephelometer at Indian Garden, assessment of Hualapai monitoring efforts and any 
needed augmentation at Meadview. 

7.  Current research, inventory, and monitoring projects: 
• Extensive AQ monitoring:  Visibility (photo, optical-extinction & scattering, speciated particle), 

continuous ozone, bulk sulfur dioxide, deposition (wet & dry), visible and ultraviolet radiation, 
dioxin/furan, and meteorology. 

• No long-term wildlife monitoring, all project based.  Several inventory efforts for finite time 
periods: leopard frogs, bats, Mexican spotted owl.  Some other projects include large carnivore, 
peregrine falcon, condor and small mammal monitoring.   

• Just beginning exotic species inventory; have completed a major proposal for vegetation 
inventory. 

• Current Projects Funded to Address Groundwater Issue: 
− Stream Gages that Continuously Monitor Discharge (Q) at 3 Streams (NPS / USGS). Q 

measured at 2 other streams 8 times a year (funding for six more years beyond 2003 
obtained from Fee Demo 4). 

− Biologic Inventory and Habitat Mapping (NPS / GCWC). 
− NPS Public Outreach (Site Bulletin, Web Site, Public Scoping). 
− Water Chemistry Study (30+ sites done to date with a number of repeat visits (NPS / 

USGS). 
− Geologic Mapping (coop. w/ USGS). 
− Geophysical Studies/Mapping (coop. w/ USGS). 
− Expanded Biologic Surveys (including Aerial Photography). 
− Grand Canyon Springs/Ecosystems Coupled Models (just starting NAU / BRD / NPS). 
− Other projects include: Alternative Sources of Water Study (BOR, Recently 

Completed); Future project ID, proposal writing and solicitation; Park wide inventory 
and data gathering of water, cave, and karst resources; Database development 
(1.Water resources, 2. Cave, Karst & Mines); Outlet fire rehab/monitoring. 

• GCMRC currently studying & monitoring in Colorado River main stem only 
8.  Important historic research, inventory or monitoring projects: 

• The existing AQ monitoring network has been in place long enough to establish trend lines (with 
a few exceptions), and thus represents the best “historical” resource.  Older monitoring results 
have been compared to the modern dataset with varying degrees of success. 

• GLCA Environmental studies (10 years of data in river corridor) 
• GCMRC studies 
• Nancy Brian’s Fishtail Mesa Monitoring 
• Forest Ecosystem Landscape Analysis - much historic data is being compiled  
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• The parks “old water database” (recently converted from card files), and the cave files 
9.  Cooperation with other agencies or landowners on inventory, monitoring, research, or  
     restoration projects: 

• AQ - Cooperators outside the National Park Service include: 
− Arizona Department of Environmental Quality:  no direct support, but utilizes visibility 

data and coordinates with the park on visibility monitoring, regulatory and smoke 
management issues. 

− USDA:  Provides logistical and monetary support for the ultraviolet radiation monitoring 
in the Park. 

− US EPA:  Provides monetary and (through contract) logistical support to the 
dioxin/furan monitoring program. 

− Monitoring in the park is done as a park of various national networks:  IMPROVE 
(visibility), NTN/NADP (wet deposition), CASTNet/NDDN (dry deposition), NPS 
GPMN/CASTNet (ozone, met), NDAMN (dioxin/furan) 

• Wildlife – extensive work with FWS, Peregrine Fund, and Grand Canyon Foundation, universities 
• Vegetation – 15,000 to 23,000 volunteers annually, Grand Canyon Foundation 
• Earth Sciences - About 20 State, Local, Federal, and private partnerships have been developed 

to meet program needs. Grand Canyon National Park especially wishes to thank the Wildlands 
Council, the U.S. Geological Survey and the State of Arizona Water Protection Fund for their 
work on this study. 

• River Corridor –  Glen Canyon Dam Adaptive Workgroup includes many stakeholders and the 
voice for the resource is very small.  Colorado River Basin Technical Workgroup – the NPS units 
along the Colorado River 

10.  Scientists recommended for Science Advisory Committee: 
• AQ - Dr. William Malm (NPS ARD) is the park’s air quality “sponsor” within the air resources 

division 
• Wildlife – Larry Stevens, Dave Willy, Dave Wagner 
• Springs – Larry Stevens 
• River Corridor – Dave Wegner (Durango, CO – head of Ecosystem Research, involved in GCES), 

Joe Shannon (NAU), Angus Woodberry (59 studies above the dam) 
11.  One long-term monitoring project in park:  

• AQ - IMPROVE visibility monitoring 
• Wildlife – Vegetation-habitat conditions/productivity including exotic species 
• Vegetation – invasive exotic species 
• Earth Sciences – effects of wells on spring flow 
• River Corridor – threatened fish 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Interest has generally been in issues and data.  The best way to get this information to a wide 

audience is via the web, where some resources already exist.  Consequently, planned review, 
update, and maintenance of this resource would be the first priority.  Although numerous articles 
and training sessions have been presented to interpretive staff, continued education of the 
educators remains important as issues and staff change.  Finally, an interactive exhibit combining 
current measurements and historic data would be a valuable component of the HEC as it 
develops. 

• Involve interpreters in field work. 
• Articles in Non-NPS magazines, brochures at entrance gates and visitor centers, displays at 

visitor centers, WebPages  
13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics 

• Anthropogenic changes to SW forested ecosystems in general, and how Grand Canyon National 
Park’s forests are the most natural left even though they have been seriously impacted. 

• Impacts of management on surrounding lands introducing invasive species. 
• Invasive species introduced by Park visitors. 
• Development creating lights around the Park. 
• Erosion of cultural resource sites owing to effects of Glen Canyon Dam. 
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Hubbell Trading Post National Historic Site 
Park Superintendent:  Nancy Stone 
Park Natural Resource Manager:  Mary Furney (present during interview) 
Date of Interview:  January 21, 2003 
Interviewer:  Anne Cully, SCPN 
 
1.  Most valuable resources: 

• Pueblo Colorado Wash and associated riparian habitat; source of water for wildlife, including 
mule deer and coyote 

2.  Species of concern: 
• State and federal listed species - southwestern willow flycatcher heard during biological survey 
• Navajo Fish and Wildlife Department lists the following species of concern with potential to occur 

within the Ganado area including: 
• Golden Eagle 
• Ferruginous Hawk 
• Mountain Plover 
• Southwestern Willow Flycatcher 
• Peregrine Falcon 
• Bald Eagle 
• Black-footed Ferret 
• Northern Leopard Frog 
• Special status species as listed by the State of Arizona that could occur within 3 miles of HUTR 

include Glen Canyon Cactus 
• 4 species on endangered species or species of concern lists for Navajo Nation were noted as 

present or possible present at HUTR – kit fox, Lucy’s warbler, greater roadrunner, sagebrush 
lizard.  All appear on the Navajo Fish and Wildlife Elemental Tracking List (Shaw, Vertebrate 
Inventory and Monitoring) 

• General lack of mammal, reptile, and amphibian species 
3.  Most important natural resource management issues: 

• Removal of exotic plant species and treatment of resprouts 
• Revegetation on west end of park to stabilize banks of Pueblo Colorado Wash 
• Natural resource management ties in with historic view of park as “oasis” 
• Restoration of agriculture 

4.  Greatest current threats to significant park natural resources: 
• Exotic species  
• Irrigation project – on the one hand, project will supply water for restored agriculture; on the other, 

the project will alter stream flow in the wash and perhaps affect water quality 
5. Greatest potential threats to significant natural resources in park: 

• Reduction of water quantity and quality in the Pueblo Colorado Wash as a result of diversion of 
water for irrigation and agricultural runoff. 

• New exotic species may enter the park as a result of disturbance and cultivation 
• Lack of follow-up to exotic species removal will result in most probable return of exotic species 

invasion. 
• Potential for catastrophic wildfire and resulting erosion upstream could cause extensive sediment 

deposition in park 
• Agriculture and grazing in watershed upstream of park could also affect park resources. 

6.  Most important natural resource monitoring needs: 
• Mammals, reptiles, amphibians, and birds for three to five years 
• Monitoring runoff on site and in wash 
• Tracking recolonization of formerly occupied Gunnision’s prairie dog town and encouraging 

natural predators  
• Need for monitoring water quality and effects of agriculture 
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7.  Current research, inventory, and monitoring projects: 
• Navajo Nation Fish and Wildlife – ongoing inventory of plants, birds, mammals, reptiles, and 

amphibians jointly with SCPN Inventory and Monitoring program 
• Arizona Water Protection Fund grant provides for monitoring wildlife and for vegetation study and 

monitoring in wash 
8.  Important historic research, inventory or monitoring projects: 

• Old photos of park are used as guides for restoration 
• Cultural Landscape report is key document for planning in absence of General Management Plan 

9.  Cooperation with other agencies or landowners on inventory, monitoring, research, or restoration 
projects: 

• Navajo Nation EPA – match for Arizona Water Protection Fund (AWPF) money for joint project on 
Pueblo Colorado Wash restoration 

− Navajo Nation EPA – park participates in community development of solid waste 
management program 

− Navajo Nation Fish and Wildlife – ongoing inventory of plants, birds, mammals, reptiles, 
and amphibians jointly with SCPN Inventory and Monitoring program 

− Student Conservation Association – assists park in hiring local young people 
− Natural Resource Conservation Service (NRCS) – provides technical assistance for 

park projects, including agricultural restoration 
− NRCS Los Lunas Plant Materials Center  - provides plants and technical assistance for 

revegetation projects 
− Bureau of Indian Affairs (BIA) – provides assistance with Environmental Assessment 

for removal of exotics from park  
− BIA – assistance with Fire Management Plan 
− Bureau of Reclamation – funding irrigation project utilizing sewage effluent in 

vegetation restoration 
− Ganado fire District – assists with fires 
− Public Land Corps – use fee money to provide assistance for Pueblo Colorado Wash 

restoration 
10.  Scientists recommended for Science Advisory Committee: 

• Daniela Roth, Navajo Heritage Program – Botany 
• Bill Zeedyk – retired U.S.D.A. Forest Service hydrologist and expert in riparian restoration 
• Harley Shaw - retired wildlife biologist conducting wildlife surveys for AWPF projects. 

11.  One long-term monitoring project in park (unable to settle on one): 
• Exotic species monitoring 
• Geomorphology - stream channel changes 
• Water quality 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Links to websites enabling information to be used by interpretive staff and public 
• Species lists should include common names; plant lists should also include family names 
• Reports on inventory and monitoring need to be accessible through website or other means 
• Good communication between parks and network staff needs to be established and maintained 

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Hubbell Trading Post is a small unit of the NPS surrounded by the Navajo Nation; 

however, it is part of the larger ecosystem rather than an island.   
• The park is often is called upon to extend expertise available inside park to the outside (e.g. 

restoration of Pueblo Colorado Wash beyond park boundaries) and is often the recipient of 
assistance from other agencies on projects outside park boundaries (e.g. irrigation and 
agricultural restoration). 

• There needs to be recognition by NPS regional and national offices of the role the park plays 
in projects that involve management of surrounding lands  

• There is a need for recognition of the relationship between cultural and natural resources 
• Monitoring should not only address the status of existing conditions, but should be applied to 

future management projects (adaptive management monitoring) 
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• There is a need for a group of specialists for parks to call on with expertise on potential of 
introduced species to escape from agriculture and early warning of ecosystem changes. 

 
Mesa Verde National Park 
Park Superintendent:  Larry Wiese 
Park Natural Resource Manager:  George San Miguel, Betty Janes (Assistant Superintendent)  

     (both participated in interview) 
Date of Interview:  December 9, 2002 
Interviewer:  Anne Cully, SCPN 
 
1.  Most valuable resources: 

• Air quality 
• High Species diversity - eight major habitat types and several sub-habitat types  
• Park is home to rare and endemic as well as common species of invertebrates, vertebrates, 

and plants; park designated “Colorado Important Bird Area” 
• Old growth woodlands – piñon-juniper, Douglas fir, mountain shrub  
• Wilderness – 8,500 acres 
• Large areas undeveloped outside park boundaries – provides setting for park in relatively 

undisturbed landscape; provide corridors for wildlife movements 
• Park occupies transition zone between mountains and deserts  
• Park Mesa Research Natural Area 

2.  Species of concern: 
• Federal and state listed species - Mexican spotted owl, bald eagle 
• Federal species of concern and state listed species – Flannel mouth sucker, roundtail chub, 

Cliff Palace milkvetch, Schmoll’s milkvetch, Mesa Verde stickseed 
• Federal species of concern – Long-eared myotis, long-legged myotis, western small-footed 

myotis, fringed myotis, Townsend’s big-eared bat, spotted bat, big free-tailed bat 
• State species of concern – Southern maidenhair fern, giant helleborine 
• Peregrine falcon 
• Neotropical migrants and breeding bird populations 
• Feral animals - horses, cows 
• Endemic species - Mesa Verde tiger beetle 
• Extirpated species successfully reintroduced into park – Wild turkey 
• Extirpated species that are absent or occasional visitors – Rocky Mountain bighorn sheep, 

porcupines, Southwest willow flycatcher 
• Extirpated species – Northern leopard frog, beaver, grizzly bear, gray wolf, river otter, black-

footed ferret, Colorado pikeminnow, razorback sucker, sharp-tailed grouse, small-flower 
beardtongue 

3.  Most important natural resource management issues: 
• Insufficient funding to support staff adequate for sound management of natural resources 
• Lack of staff with expertise in natural resources 
• Lack of research and adequate baseline data on natural resources – includes lack of 

database and database support 
• Need to develop expertise in park staff rather than contracting out important natural resource 

tasks 
• Lack of funding to develop constituency for natural resources through public education 
• Lack of support after major fires or other emergencies from NPS rehabilitation funds – 

funding would enable monitoring after fires or other major occurrences on long-term basis 
• Proper management of high species diversity 
• Lack of coordination with outside interests (Bureau of Land Management, Ute Mountain Ute 

Tribe, private landholders, U.S. Forest Service) 
• Impacts from outside park, including development along boundaries and along Mancos River 
• Water quality and quantity - upstream use, effects of drought 
• Potential impacts of air quality on biota and geological resources 
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• Exotic species – including plants and animals 
• Need to elevate importance of species, communities, water sites, geologic resources etc. 

when park management decisions are made, priorities are set and development is being 
planned such as with fire management activities, road maintenance, and following major 
construction and other development 

• Recognition of enhanced impacts of natural processes (climate change, drought, disease, 
wildfire) in combination with anthropogenic factors (habitat fragmentation/species loss, 
invasive species, pollution, development, etc.) 

4.  Greatest current threats to significant park natural resources: 
• Decline in air quality – deposition of harmful compounds on grasses consumed by wildlife 

inside and outside park; increases in acidity of rainfall and snowpack over last 15 years likely 
to continue 

• Decline in water quality - The Mancos River is being severely impacted by high post-fire 
levels of siltation and ash flow; nitrates, selenium, and other pollutants are added to the 
Mancos River upstream of the park from urban sources, agricultural areas, mine waste, etc.; 
within park, inputs of algaecide, cleansers, and other chemicals  

• Decline in water quantity - Drought and upriver water withdrawals combine to result in 
unnaturally low water flows 

• Visitor impacts at campgrounds, trails, archeological sites, and other areas 
• Disturbance from park development and maintenance – waterlines, roads, utility lines, and 

other projects 
• Fire and fuel management – often conflicts with natural resource management; need to 

integrate two programs or missions; hazardous fuel reductions affect unique plant and animal 
communities, including those that occupy areas around and in archeological sites; old-growth 
piñon-juniper woodlands reduced 

• Exotic plant species – one new exotic plant species per year in park 
• Feral animals – trespass grazing in Mancos and other canyons in the park 
• Disease – blue tongue, chronic wasting disease, West Nile virus, etc. 
• Regional use of pesticides  

5. Greatest potential threats to significant natural resources in park: 
• Continued decline in air quality – due to increases in oil and gas wells and numbers of power 

plants in region 
• Rapid climatic change – linked to global phenomena and regional air quality 
• Continued development around park boundaries – bicycle trails, development along 

highways 
• Decrease in wildlife corridors related to increased development 
• Poaching – increase in next 5-10 years related to increase in access along boundaries 
• Continued degradation of water quantity and quality due to development  
• Regional effects of herbicide application on air and water quality 
• Continued invasion by exotic plant and animal species 
• Introduction of non-native diseases into ecosystem 
• Political decisions in Washington – cost-cutting, weakening of environmental laws, etc. 

6.  Most important natural resource monitoring needs: 
• Funding to carry out natural resource monitoring 
• Qualified staff to design and implement monitoring plans 
• Air quality 
• Funding to improve GIS and data management capabilities 
• Water quality and quantity  
• Fire effects and vegetation studies – long term 
• Mexican spotted owl – long term 
• Tracking species of special concern – state and federal listed species and species of 

concern; bats; fish and invertebrates in Mancos River 
• Fence condition along boundaries to prevent trespass livestock 
• Exotic plant species – spread and introduction of new taxa 
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• Ungulate populations 
7.  Current research, inventory, and monitoring projects: 

• Quantitative and reliable, both short and long term 
− Short-term post-fire recovery per habitat-type (three different fires, probably ends in 

2002) 
− Peregrine falcon eyrie location and fledging rates (project ended in 2002). 
− Air quality—ozone, acid rain, mercury, sulfate, total particulates are measured weekly 
− Meteorological data from NWS and other park weather stations 
− Research to determine use or non-use of monsoon precipitation by Douglas-fir and 

ponderosa pine trees 
− Fire history models for piñon-juniper and Douglas-fir communities. 
− Post-fire weed-risk model 
− Post-fire nitrogen fixation in bitterbrush 
− Piñon bark beetle local life cycle determination 
− Mapping boundaries and density of the endemic Schmoll's milkvetch 
− Mancos river fishery (USFWS) last done in 2002 

• Qualitative and/or short term, or more like inventories (efforts declining or sporadic) with less 
reliable data management and synthesis 
− Recovery of vegetation in Mancos Canyon following lack of cattle grazing and 

reseeding; transects covering riparian recovery and upland field recovery 
− Riparian transects relating to the Mancos Canyon floodplain/vegetation 
− Post-revegetation plant growth in road cuts  
− Investigation into the demise of the leopard frog from southwestern Colorado and 

potential means for a restoration program: extant populations, habitat potential in park, 
habitat description of occupied sites 

− Spotted owl and other owls: presence, periodic surveys 
− Southwest willow flycatcher: presence, periodic surveys 
− Post-fire amphibian study 
− Raptor nest sites 
− Prairie dog colony location/size; and colonies on adjacent lands. 
− Wintering bald and golden eagle survey 
− Breeding bird survey 
− Fall bird migration 
− Bear population 
− Wild turkey population. 
− Mountain lion population DNA and for meso-carnivores 
− Insect and spider inventories 
− River water quality/water flow/pool size 
− T-Walk measuring river health 
− Water quality of five standard sites and five new sites 
− Water quantity (water rights) of 30 sites each year, reported to Colorado Water Division 
− Soil, 20 samples per year relating to fire, special interest sites, air quality 
− Dendrochronology samples, 30 samples per year relating to climatological and 

environmental history 
− Updating a map/stand data of ponderosa pine; also mapping Douglas fir stands 
− Monitoring Cliff Palace milkvetch in five plots 
− Monitoring wild hollyhock park-wide and in a five-acre fire 
− Soil mycorrhiza in various plant communities and various successional stages since 

fire 
8.  Important historic research, inventory or monitoring projects: 

• Air quality information – since 1980; sole source in Four Corners area; includes photos up to 
1994 

• Post-fire vegetation evaluation, Long Mesa, 1989 and Chapin 5, 1996 
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• Fire history of mountain shrub community 
• Fire based monitoring plots 
• Map of springs, water sources 
• Mexican spotted owl breeding activities and territories 
• Bedrock geological map (Griffits) 
• Paleontological evaluation (Griffits) 
• Soils map – Natural Resources Conservation Service 
• Inventories of reptiles and amphibians 
• Inventories of small mammals including bats 
• Wildlife observation cards 
• Oral histories from nearby residents relating to all aspects of natural resources in the county 
• Museum and herbarium collections of small mammals, insects, and plants 

9.  Cooperation with other agencies or landowners on inventory, monitoring, research, or  
     restoration projects: 

• Surveys, reports, and consultation with BLM, USFS, NPS, and private landowners on natural 
resource issues along the park waterline 

• USFS, BLM, and tribes regarding Fire Management Plan scoping 
• NRCS and FHA regarding post highway construction revegetation 
• Southwest Colorado Wetlands Group—relates to wetland protection and restoration on public 

and private lands 
• Leopard frog restoration investigation—survey of lands outside of park for the presence of 

frogs 
• Other faunal species of concern—share information with wildlife biologist of USFS, BLM, 

CDOW regarding bats, amphibians, bear (including management concerns, capture), lynx, 
lion, goshawk, bald eagle, etc. and poaching and wildlife disease issues 

• Report unusual sightings to Colorado Division of Wildlife; work with CDOW on possible 
reintroduction of bighorn sheep (habitat evaluation), wild turkey, beaver, sharp-tailed grouse, 
peregrine falcon monitoring, lynx and river otter sightings, etc. 

• ESA Section 7 consultation with U.S. Fish and Wildlife regarding Federally Listed Species, 
also candidate species, over many park plans 

• Contracted by U.S. Fish and Wildlife and Ute Mountain Tribe to survey candidate species, the 
endemic Ute Mountain milkvetch 

• Boundary fencing issues with the Ute Mountain Ute Tribe and BLM.   
• Boundary use conflict resolution with the Colorado Land Board regarding state trust lands 
• Consult with Colorado State Forest Service and USFS on insect and fungal problems on 

woody species in the park and long-term forest health plots in park 
• Consult with U.S. Geological Survey hydrologist, Win Wright, on use on water monitoring 

instruments, water chemistry, etc. and preparing funding proposals 
• Work with NRCS soil scientist, Doug Ramsey, on soil surveys and relationships to plant 

communities, etc. 
• Worked with the Ute Mountain Ute Tribe on post-fire water quality evaluation 
• Worked with the USFWS, CDOW, and Ute Mountain Ute Tribe to survey the Mancos River 

fishery and salvage at risk roundtail chub 
• Participate with the Four Corners Ozone Task Force, EPA, USFS, BLM, and states of NM, 

AZ, CO, UT in regional air quality concerns 
• Weed control support and training from the county supervisor and the extension agent 

10.  Scientists recommended for Science Advisory Committee: 
• Dr. Bill Romme (Prescott College) 
• Dr. Lisa Floyd-Hanna (Prescott College) 
• Dr. Mike Bogan (U.S.G.S. Arid Lands Field Station, University of New Mexico) 

11.  One long-term monitoring project in park:  
• Post-fire and post-fuel management vegetation succession – basic to other needs 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Link from I&M Program website to Mesa Verde website 
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• Prepare publication similar to Yellowstone NP on research in the park 
• Make documents and reports available to interpreters 
• Include summaries of papers and reports for interpreters 
• Make formal reports available in appropriate places including web sites 
• Researchers should give semi-annual updates on projects to park staff 
• Develop additional interdisciplinary positions at park, including education/natural resources  
• Park interpretive staff members assigned to natural resource programs for information 

exchange – liaison duties 
• Seasonal staff training by Natural Resource staff; seasonal staff should include interpretive 

staff, protective staff, fire staff, maintenance staff and archeological staff. 
• Natural Resource newsletter - details monthly findings and sightings; best if available in 

hardcopy, could also be by e-mail and web sites 
• Develop series of presentations by researchers at park for staff and public 
• Natural resource programs presented to local school groups and in parks 
• Check lists and photographic/text booklets for sale to the public. 
• Regular news releases covering more interesting findings. 

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Consider air quality as an issue larger than the park 
• Consider impacts of additional 12,000 gas and oil wells in region on air quality (e.g. 

formaldehyde levels) 
• Develop interagency monitoring approach to critical areas that are important to more than 

one jurisdiction 
• Inventories of invertebrates and fishes in park 

 
Navajo National Monument 
Park Superintendent:  Roger Moder   
Park Natural Resource Manager:  Daniela Roth and Peggy Moder (both participated in interview) 
Date of Interview:  June 2003 
Interviewer:  Lisa Thomas and Joanna Whittier, SCPN 
 
1.  Most valuable resources: 

• Hanging gardens at Betatakin below ruin and across trail and small one at Keet Seel. 
• Charles Drost did rare and endangered report on orchid (alcove bog orchid) 
• Quiet soundscape, and night sky 

2.  Species of concern:   
• Mountain lion – uncommon in area. More in the Black Mesa area. 
• Amphibians and reptiles 
• Owls at Betatakin and Keet Seel.  

3.  Most important natural resource management issues: 
• Declining water table 
• Trespass grazing by cattle and horses 
• Erosion – in general from historic grazing 
• Overgrazing on adjacent lands resulting in weeds and erosion 
• Exotic plants – Russian olive at Betatakin, goatshead around developed area 

4.  Greatest current threats to significant park natural resources: 
• Visitors 
• Erosion 

5.  Greatest potential threats to significant natural resources in park: 
• Potential fire hazard in Betatakin – woody vegetation too dense 

6.  Most important natural resource monitoring needs: 
• Water monitoring – quantity. 
• Exotic plant monitoring 
• Leopard frog – amphibs and reptiles. 
• Hanging gardens 
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• Restoration of riparian vegetation below Betatakin 
• T/E monitoring 

7.  Current research, inventory, and monitoring projects: 
• Navajo Nation Fish and Wildlife Department inventory of vertebrates and plants 

8.  Important historic research, inventory or monitoring projects: 
• Exploration of northeast Arizona and southeast Utah conducted in the 1930’s by National Park 

Service and Museum of Northern Arizona 
9.  Cooperation with other agencies or landowners on inventory, monitoring, research, or  
     restoration projects: 

• None at the time 
10.  Scientists recommended for Science Advisory Committee 
11.  One long-term monitoring project in park (unable to settle on one): 

• Water quality and quantity 
• Vegetation 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Provide information in flyers and park brochures 
• Have researchers present results to park staff 
• Produce reference material for park staff (i.e., Color-coded maps) 

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Grazing – coordination with Navajo Nation. 
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Petrified Forest National Park 
Park Superintendent:  Acting Superintendent, Karen Beppler-Dorn 
Park Natural Resource Manager:  Karen Beppler-Dorn; additional comments from William  

      Parker, Paleontologist 
Date of Interview:  January 22, 2003 
Interviewer:  Anne Cully, SCPN 
 
1.  Most valuable resources: 

• Triassic age fossils 
• Archeological sites ranging from the Archaic, Basketmaker, and Puebloan periods, in addition to 

numerous modern historical sites relevant to Route 66 and the New Deal eras 
• Arizona shortgrass prairie and associated plant and animal communities 

2.  Species of concern: 
• Prairie dogs, pronghorn antelope, reptiles, and amphibians 

3.  Most important natural resource management issues: 
• Theft of fossil resources 
• Destruction of fossils by erosion 
• Pronghorn antelope herd trapped by transportation corridors 
• Preservation of Arizona shortgrass prairie 
• Protection of species of concern 

4.  Greatest current threats to significant park natural resources: 
• Theft of fossil resources 
• Destruction of fossils by erosion  
• Other man-made impacts to the environment 
• Biologically diverse Puerco River is infested with tamarisk 

5.  Greatest potential threats to significant natural resources in park: 
• Continuing theft of fossil resources 
• Continuing destruction by erosive processes 
• Development on surrounding lands could affect air quality, viewscapes, soundscapes, and 

wildlife in and around the park 
• Increasing number of exotic species in shortgrass prairie 
• Decline in air quality 
• Plague in prairie dog colonies 

6.  Most important natural resource monitoring needs: 
• Establish a cyclic monitoring program for fossil resources 
• Need for observations and assessment of status of species of concern 

7.  Current research, inventory, and monitoring projects: 
• Paleontological site inventory 
• Exotic plant species inventory and mapping 
• Monitoring reptiles and amphibians 
• Air quality 
• Inventory monitoring related to NEPA compliance 
• Mapping of tamarisk and Russian olive 

8.  Important historic research, inventory or monitoring projects 
• Ongoing compilation of paleontological information - revisiting sites and re-taking: photographs 

and taking GPS coordinates; this activity not only documents current status of sites, but enables 
comparisons to older photos to assess changes over time, and will also form the basis of future 
monitoring 

• Old photographs of park resources, including vegetation – re-photographing at same points will 
work into new monitoring efforts 

• Reptile and amphibian report 
• Prairie dog studies reports and publications 
• Report on bats (in progress) 



Southern Colorado Plateau Network Phase Two – Appendix G – Superintendent Interview Summaries 

 - G26 - 

• Ongoing compilation of all research projects undertaken in park 
9.  Cooperation with other agencies or land owners on inventory, monitoring, research, or  
     restoration projects: 

• U.S.G.S. Southwest Science Center – SCPN inventory projects, exotic plant mapping, 
vegetation classification 

10.  Scientists recommended for Science Advisory Committee: 
• Dr. Sidney Ash, retired paleontologist 
• Dr. David Gillette, Museum of Northern Arizona, paleontologist 
• Dr. Adrian Hunt, New Mexico Museum of Natural History, paleontologist 
• Erika Nowak, Northern Arizona University, herpetologist 
• Dr. Kathryn Thomas, U.S.G.S. Southwest Science Center, vegetation ecologist 

11.  One long-term monitoring project in park (unable to settle on one): 
• Paleontological resources 
• Prairie dogs 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Bring in an interpreter from one of the SCPN parks to work in network office; this person would 

serve as liaison to interpretive staff in parks and develop interpretive materials from inventory 
and monitoring reports and data 

• If Learning Center is funded, include inventory and monitoring information and projects in 
program 

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• There is a need to look out for all resources, including those that may not be considered key 

resources 
• Air quality effects on biological resources 
• Hydrology 
• Soils 
• General consideration for the physical side of resource management as well as the biological 
 

Petroglyph National Monument 
Park Superintendent:  Nancy Kaufman 
Park Natural Resource Manager:  Mike Medrano (participated in interview) 
Date of Interview:  November 27, 2002 
Interviewer:  Anne Cully, SCPN 
 
1.  Most valuable resources: 

• Geologic resources 
• Volcanic windows 
• Cultural features present because of geologic resources 

2.  Species of concern: 
• Slate millipede (Comanchelus chihuanus) 
• Burrowing owls – casual visitors 
• Loggerhead shrike – nesting 

3.  Most important natural resource management issues: 
• Encroachment by surrounding development; edge effects 
• Dust deposition 
• Drainage (related to encroachment) – changes in runoff, water quality, etc.- 
• Air quality 

4. Greatest potential threats to significant natural resources in park: 
• Lack of forethought in urban planning in surrounding areas 
• Continuing encroachment by surrounding development 
• Continuing alterations in drainage patterns 

5.  Greatest potential threats to significant natural resources in park: 
• Declining air quality 
• Increasing visitor numbers 
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• Conflicting visitor uses  
• Unregulated visitor use 
• Change in surrounding development to include “light industrial” uses; e.g. Double Eagle Airport 

and others at north end of park 
6.  Most important natural resource monitoring needs: 

• Soils – basis for plant communities, support basalt rocks with petroglyphs on them, reflect 
changes in drainage patterns 

• Cryptobiotic crusts – reflect changes in drainage patterns, dust deposition, etc. 
• Millipedes – and possibly other invertebrates reflect changes in ecosystem processes  
• Small scale changes in vegetation, cryptobiotic crusts, invertebrates (e.g. millipedes), soil, etc. 

will be seen first, before changes reflected in more conspicuous biological community 
7.  Current research, inventory, and monitoring projects: 

• SCPN inventories 
8.  Important historic research, inventory, or monitoring projects: 

• Bert Kudo and Vince Kelly – vulcanology (checking NatureBib to see if SCPN has entries) 
• Cliff Crawford – millipedes in 1980s 
• Old photos – post-World War II that show grazing to bare soil 
• Recent ethnographic landscape report 

9.  Cooperation with other agencies or landowners on inventory, monitoring, research, or  
     restoration projects: 

• U.S. Geological Survey on Inventory and Monitoring Program 
• College of Santa Fe – biology class assists inventories 
• Potential cooperation with the University of New Mexico 
• Potential cooperation with local high schools 

10.  Scientists recommended for Science Advisory Committee: 
• Dr. Mike Bogan, U.S. Geological Survey, University of New Mexico 
• Dr. Jim Gosz, Sevilleta LTER, University of New Mexico 

11.  One long-term monitoring project in park (unable to settle on one): 
• Soils 
• Vegetation 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Use multimedia approach – websites, seminars around Colorado Plateau, interactions between 

interpreters and I&M staff 
• Interpreters need to be informed or brought in to process 

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Fragmentation of cultural landscape causes natural resource fragmentation 
• Visitor access and impacts at points of development 
• Monitor noise from surrounding activities; Double Eagle Airport scheduled to increase operations 

from 40,000 to 130,000 annually, and will possibly build tower 
 

Salinas Pueblo Missions National Monument 
Park Superintendent:  Glenn Fulfer 
Park Natural Resource Manager:  Phil Wilson (provided information but was not at interview) 
Date of Interview:  November 27, 2002 
Interviewer:  Anne Cully, SCPN 
 
1.  Most valuable resources 

• Riparian and wetland areas at Abó and Quarai 
• Migratory birds attracted to the surface water in riparian and wetland areas – migratory bird 

festival in spring 
• Archeological sites representing cultural continuum from prehistoric Native American to historic 

Native American and Hispanic associated with presence of surface water 
• Old varieties of apple trees at Quarai 

2.  Species of concern 
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• Plants – Verbena bipinnatifida 
• Birds – Gray vireo 
• Mammals – Townsend’s big-eared bat, Yuma myotis, fringed myotis; pocket gophers 

3.  Most important natural resource management issues: 
• Invasive plant species – “rose hip” spreading 
• Wildfire in mid-1980s reduced cottonwoods, now roses spreading 
• Invasion of cholla, four-wing saltbush onto archeological sites; roots go deep into sites, 

accelerate erosion 
• Tamarisk and Russian olive at Abó 
• Fire management – partnering with ELMA in developing fire management plan scheduled for 

completion in late spring 
• Reintroduction of fire into ecosystem – may help with exotic species management 
• Effects of flagstone mining on surrounding lands and potential for affecting park 

4.  Greatest current threats to significant park natural resources: 
• Exotic plant species 
• Lack of baseline data on natural resources 
• Lack of park expertise in natural resources 

5.  Greatest potential threats to significant natural resources in park: 
• Exotic and native invasive plants 
• Wildfire – especially at Quarai with current fuel loads 
• Piñon-juniper densities – working with Natural Resources Conservation Service and U.S. Forest 

Service on this issue 
6.  Most important natural resource monitoring needs: 

• Need baseline data prior to monitoring 
• Need trained staff to assess inventories to determine what more will be needed 
• Effects of flagstone mining occurring on lands surrounding park units 

7.  Current research, inventory, and monitoring projects: 
• (Phil Wilson will provide) 

8.  Important historic research, inventory, or monitoring projects: 
• (Phil Wilson will provide) 

9.  Cooperation with other agencies or landowners on inventory, monitoring, research, or  
     restoration projects: 

• Natural Resources Conservation Service on piñon-juniper restoration 
• PNM Signs, a local sign company, U.S.D.A. Forest Service, Forest Industries, and University of 

Minnesota on developing signs made from piñon-juniper and recycled milk containers 
• Hartz Swartz, private individual, on migratory bird festival in spring 

10.  Scientists recommended for Science Advisory Committee: 
• Hartz Swartz, Albuquerque 
• Gerry McCrae, NPS, Santa Fe 

11.  One long-term monitoring project in park (unable to settle on one): 
• Vegetation 
• Birds 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Post to internet with links to park 
• Get interpreters involved in I&M program 
• Integrate cultural and natural resources using workshops 
• Work with interpretive chiefs in integrating natural resource topics into interpretive talks 

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Development of cultural and natural resources inter-relationships (need a natural resource 

person at park to make link) 
• Tying cultural and natural landscapes together for the three areas making up park 
• Piñon-juniper management effort with other agencies 
• Working with other mission parks (Pecos National Monument, San Antonio Mission National 

Monument, Tumacacori National Monument) on interpretation 
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Sunset Crater Volcano National Monument 
Park Superintendent:  Sam Henderson 
Park Natural Resource Manager:  Paul Whitefield, Steve Mitchelson (both present) 
Date of Interview:  March 11, 2003 
Interviewer:  Lisa Thomas, Nicole Tancreto, Ron Hiebert 
 
1. Most valuable resources: 

• ponderosa pine forest 
• Sunset Crater penstemon 
• Sunset cinder cone volcano 
• volcanic features such as vents, spatter cones, squeeze ups, ice cave, lava tubes  

2. Species of concern:   
• Sunset Crater penstemon 
• Ponderosa pine forest in early stages of ecological succession on young volcanic terrain 

3. Most important natural resource management issues: 
• disruption of ecological succession on cinders by visitor use and OHV use 
• too small to sustain ecosystem function 
• disruption of natural processes such as fire regimes 
• too many trees 

4. Greatest current threats to significant park natural resources: 
• adjacent land use (OHV area, proliferation of roads, forest management, predator and ungulate 

hunting) 
• suburban development 
• habitat fragmentation 
• OHV trespass 
• unmanaged visitor use (off-trail trampling) 
• disruption of natural fire regime 

5. Greatest potential threats to significant natural resources in park: 
• increasing public uses 
• severe drought/global climate change 
• road rights of way 
• catastrophic fire 

6. Most important natural resource monitoring needs: 
• ecological succession and soil formation on cinder/ash areas 
• visitor use impacts 
• inventory of geologic features(ice caves, lava tubes, spatter cones, squeeze ups, cinder slopes) 
• erosion on steep cinder slopes, including Lenox Crater Trail 
• range of natural variation in fire disturbance 
• impacts to features that are close to Lava Trail 

7. Current research, inventory, and monitoring projects: 
• vegetation map in progress 
• passive ozone monitoring 
• manual weather station 
• geologic map in planning 
• disturbance impacts to cinder environment (Whitham, NAU) 
• NSF earthscape project 
• regional aquifer monitoring (USGS, Donald Bills) 
• a lot of geologic research 

8. Important historic research, inventory or monitoring projects: 
• Bateman inventories (belt transect across volcano) 
• cave monitoring 
• geologic research 
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9. Cooperation with other agencies or landowners on inventory, monitoring, research, or restoration 
projects: 
• USGS 
• USFS 
• several universities 

10.  Scientists recommended for Science Advisory Committee 
11. One long-term monitoring project in park (unable to settle on one): 

• vegetation change in all habitats 
• surface hydrology 
• adjacent land uses – habitat fragmentation 

11. Best way(s) to make I&M information available to interpretive staff and public: 
• consider using I&M money to hire someone to popularize results for interpreters to use 

12. Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• How to manage ecosystems across boundaries with multiple agencies 
• need to distribute information back to public about the integrity of the systems 
• need to bridge gap between technical data and its interpretation and use in management 

decisions – something like learning center or web-based clearinghouse and a synthesis of 
information for the parks would be very useful 

• need to be wary of network being too removed from park operations 
• superintendents as well as visitors need to be educated about why I&M is important; answer the 

“So What?” question. 
 

Walnut Canyon National Monument 
Park Superintendent:  Sam Henderson 
Park Natural Resource Manager:  Paul Whitefield, Steve Mitchelson (both present) 
Date of Interview:  March 11, 2003 
Interviewer:  Lisa Thomas, Nicole Tancreto, and Ron Hiebert 
 
1. Most valuable resources: 

• riparian corridor 
• ponderosa pine forest 
• mountain lion  
• black bear 
• Cherry Canyon seeps and tinajas 

2. Species of concern: 
• Mexican spotted owl and its critical habitat 
• goshawk 
• peregrine falcon 
• black bear 
• mountain lion 
• bats 
• seven plant species of concern 
• plant and vegetation biodiversity 

3.  Most important natural resource management issues: 
• restoring the role of fire 
• public uses of the resources (unplanned visitor access, collection of rockmat and pinyon nuts, 

other cultural uses) 
• decline of riparian corridor due to damming of the Lake Marys (deciduous trees are not 

regenerating) 
• adjacent land management effects on the local recharge of seeps and springs 
• javelina moved in from Verde Valley 25-30 years ago, causing damage to cultural resources and 

unknown effects on vegetation and wildlife communities 
• monument too small to sustain ecosystems without cooperating on land management issues with 

adjacent land managers 
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4. Greatest current threats to significant park natural resources: 
• adjacent land management (grazing, off-road driving, proliferation of roads, forest management, 

threat of catastrophic wildfire, predator and ungulate hunting, water impoundment and diversion) 
• Flagstaff city limits have expanded to the monument boundary; development of Coconino and 

Arizona State lands adjacent to Walnut Canyon.  Suburban development would affect wildlife 
movement corridors and runoff patterns, causes habitat fragmentation and non-point sources 
pollution, introduces domestic animals, and increases unplanned visitor access to the monument 

5. Greatest potential threats to significant natural resources in park: 
• increasing public uses 
• severe drought 
• road proliferation on surrounding Coconino National Forest 
• Flagstaff development 
• catastrophic wildfire 
• dam failure combined with major precipitation event 

6. Most important natural resource monitoring needs: 
• amount and rate of adjacent land use change 
• Cherry Canyon pools 
• visitor use impacts 
• raptors (Mexican spotted owl, goshawk, peregrine falcon) 
• vegetation change (especially riparian) 
• mountain lion 
• invasive species 
• soundscapes 

6. Current research, inventory, and monitoring projects: 
• vegetation map in progress 
• passive ozone monitoring 
• manual weather station 
• geologic mapping in progress 
• mountain lion monitoring (hair snare and telemetry) 
• fire effects monitoring 
• AZGF cavity nesting birds 
• Mexican spotted owl 
• Mexican spotted owl stand dynamics and fire regime (CSU, Bill Romme) 
• crest gages measuring peak flows in main and Cherry Canyon 
• impacts of collection on rockmat (CPFS, M. Hansen) 
• water quality of Cherry Canyon seeps and pools and water well (WRD funded, USGS Blake 

Thomas) 
• goshawk (USFS) 
• peregrine falcon 

7. Important historic research, inventory or monitoring projects: 
• UA acid rain study 
• Barbara Phillips riparian vegetation study (transects across canyon bottom, veg plots) 
• ponderosa pine fire scar dates 
• presettlement forest/stand structure 
• packrat midden analysis 
• vegetation mapping and classification from Jenkins et. al. 1991 
• spotted owl records back to 1980s (J. Gainey’s dissertation) 

8. Cooperation with other agencies or landowners on inventory, monitoring, research, or restoration 
projects: 
• USGS 
• USFS 
• several universities (primarily NAU) 

9. Scientists recommended for Science Advisory Committee 
10. One long-term monitoring project in park (unable to settle on one): 
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• vegetation change in all habitats 
• surface hydrology 
• adjacent land uses 

11. Best way(s) to make I&M information available to interpretive staff and public: 
• consider using I&M money to hire someone to popularize results for interpreters to use 

12. Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• How to manage ecosystems across boundaries with multiple agencies 
• need to distribute information back to public about the integrity of the systems 
• need to bridge gap between technical data and its interpretation and use in management 

decisions – something like learning center or web-based clearinghouse and a synthesis of 
information for the parks would be very useful 

• need to be wary of network being too removed from park operations 
• superintendents as well as visitors need to be educated about why I&M is important; answer the 

“So What?” question. 
 
Wupatki National Monument 
Park Superintendent: Sam Henderson 
Park Natural Resource Manager: Paul Whitefield, Steve Mitchelson (both present) 
Date of Interview: March 11, 2003 
Interviewer: Lisa Thomas, Nicole Tancreto, Ron Hiebert 
 
1. Most valuable resources: 

• pronghorn antelope 
• grasslands 
• juniper woodland 
• springs and ephemeral pools 
• Little Colorado River riparian corridor 
• fossils (don’t know anything about these resources, but there was one relatively significant find in 

2002 – dinosaur skin) 
2. Species of concern: 

• golden eagle 
• Wupatki pocket mouse 
• raptors: ferruginous hawk, burrowing owl 
• pronghorn antelope 
• Gunnison’s prairie dog 
• bats (Townsend’s big-eared, spotted) 
• endemic invertebrates in cave/karst earthcrack features 
• ungrazed grasslands 
• exotic species (camelthorns, old-growth tamarisk along Little Colorado River 

3. Most important natural resource management issues: 
• degraded riparian resources (springs and Little Colorado River) 
• juniper-grassland dynamics and maintaining grassland biodiversity 
• cultural collection (golden eagle, yucca, Phragmites, Amsonia peeblesiana, Dalea whitingii var. 

thompsoniae) 
• visitor use management 

4. Greatest current threats to significant park natural resources: 
• Adjacent land uses (grazing, proliferation of roads, predator and ungulate hunting, upgrading 

and widening of HWY 89, water impoundment and diversion) 
• golden eagle collection 
• habitat fragmentation 
• resident sheep grazing 
• climate change 

5. Greatest potential threats to significant natural resources in park: 
• public uses 
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• severe drought 
• road rights of way 
• subdividing and development of property on west and southeast boundary 
• uranium and minerals development (state still has mineral rights within park) 

6. Most important natural resource monitoring needs: 
• hydrology of springs 
• Little Colorado River and intermittent drainages 
• vegetation change 
• golden eagles 
• pronghorn antelope 
• visitor use impacts 
• vertebrate diversity (small ground dwelling mammals and herps) 

7. Current research, inventory, and monitoring projects: 
• vegetation map in progress 
• juniper woodland expansion (NAU) 
• 400 years of vegetation change (USGS) 
• biological reconnaissance of earthcracks (USGS) 
• passive ozone monitoring 
• manual weather station 
• geologic map in planning 
• golden eagle monitoring 
• stream gage at Winslow or Leupp on Little Colorado River 
• antelope monitoring by AZGF 
• seismometer 
• regional and perched aquifer monitoring (USGS Donald Bills) 
• juniper woodland-grassland dynamics and vertebrate diversity in Antelope Prairie 
• fire effects in Antelope Prairie 
• avifauna in juniper (C. Van Riper) 
• paleontologic vegetation change 
• Little Colorado River breeding bird surveys at Dean Man Wash confluence 
• flow and water quality at Heiser Spring, WQ at Peshlaki Spring 
• water quality at Black Falls Crossing on Little Colorado River 
• herpetological studies (T. Persons) 

8. Important historic research, inventory or monitoring projects: 
• Bateman inventories, including grazing exclosures 
• bat survey (1960’s) 
• repeat photography 
• Cave Research Foundation investigation of two earthcracks 
• USGS stream gages on Little Colorado River 
• spring flow observations back to 1930’s (supt. reports, Alexa Roberts dissertation) 
• packrat middens (S. Cinnamon) 
• radiotelemetry of pronghorn antelope 
• geology of Wupatki Basin 
• WRD information  
• visibility baseline 
• grassland bird study (S. Rosenstock) 
• road inventory of herps 
• rare plant survey 
• invasive species maps and control plots 

9. Cooperation with other agencies or landowners on inventory, monitoring, research, or restoration 
projects: 
• USGS 
• USFS 
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• several universities (primarily NAU) 
10.  Scientists recommended for Science Advisory Committee 
11.  One long-term monitoring project in park (unable to settle on one): 

• vegetation change in all habitats 
• surface hydrology 
• adjacent land uses 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• consider using I&M money to hire someone to popularize results for interpreters to use 

13. Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• How to manage ecosystems across boundaries with multiple agencies 
• need to distribute information back to public about the integrity of the systems 
• need to bridge gap between technical data and its interpretation and use in management 

decisions – something like learning center or web-based clearinghouse and a synthesis of 
information for the parks would be very useful 

• need to be wary of network being too removed from park operations 
• superintendents as well as visitors need to be educated about why I&M is important; answer the 

“So What?” question. 
 
Yucca House National Monument 
Park Superintendent:  Larry Wiese 
Park Natural Resource Manager:  George San Miguel, Betty Janes (Assistant Superintendent) (both 
participated in interview) 
Date of Interview:  December 9, 2002 
Interviewer:  Anne Cully, SCPN 
 
1.  Most valuable resources: 

• Air quality 
• Desert-shrub plant and animal communities characteristic of Four Corners region 
• Spring and associated wetland plant community – attraction for wildlife, particularly birds 

2.  Species of concern: 
• Neotropical migrants and breeding bird populations 
• Feral animals - horses, cows 
• Listed species and species of concern that are or occasional visitors – bald eagle, peregrine, 

Southwest willow flycatcher 
• Extirpated species – Northern leopard frog, Gunnison sage grouse 
• Wildlife corridor for bear and elk 

3.  Most important natural resource management issues: 
• Insufficient funding to support staff adequate for sound management of natural resources 
• Lack of staff with expertise in natural resources 
• Lack of research and adequate baseline data on natural resources – includes lack of database 

and database support 
• Need to develop expertise in park staff rather than contracting out important natural resource 

tasks 
• Lack of funding to develop constituency for natural resources through public education 
• Lack of sufficient land base 
• Proper management of species diversity 
• Lack of coordination with outside interests (Ute Mountain Ute Tribe, private landholders, 

irrigation districts) 
• Impacts from outside park, including development along boundaries  
• Water quality and quantity – inflow of irrigation water, effects of drought 
• Potential impacts of air quality on biota and geological resources 
• Exotic species – including plants and animals 
• Need to elevate importance of species, communities, water sites, geologic resources etc. when 

park management decisions are made, priorities are set and development is being planned such 
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as with fire management activities; potential conflict between wildlife and archeological 
resources (badgers and snakes)  

• Recognition of enhanced impacts of natural processes (climate change, drought, disease, 
wildfire) in combination with anthropogenic factors (habitat fragmentation/species loss, invasive 
species, pollution, development, etc.) 

4.  Greatest current threats to significant park natural resources: 
• Decline in air quality – deposition of harmful compounds on grasses consumed by wildlife inside 

and outside park; increases in acidity of rainfall and snowpack over last 15 years likely to 
continue 

• Decline in water quantity - Drought and water withdrawals from aquifer combine to result in 
unnaturally low water flows; abandonment of irrigation ditches 

• Visitor impacts on trails, archeological sites, and other areas 
• Disturbance from park development and maintenance – fences, roads, and other projects 
• Fire and fuel management – often conflicts with natural resource management; need to integrate 

two programs or missions 
• Exotic plant species – neighboring agricultural activities introduce many species of concern, 

including knapweeds 
• Feral animals – trespass grazing  
• Disease – blue tongue, chronic wasting disease, West Nile virus, etc. 
• Regional use of pesticides 
• Grazing by cattle, horses, sheep, and goats on all Ismay lands (lands that may be added to 

Yucca House in future) and the spread of cheatgreass and Russian knapweed.  If these lands 
remain degraded, there is little hope for the biotic condition inside the small monument. 

• Use of pesticides on adjacent lands; low bat populations may be due to past use of malathion for 
mosquito abatement; the extirpation of amphibians is probably due to the same 

• The placement of a new underground water pipeline has resulted in new ground disturbance that 
was not followed by revegetation and is now being invaded by Russian knapweed.  

5. Greatest potential threats to significant natural resources in park: 
• Continued decline in air quality – due to increases in oil and gas wells and numbers of power 

plants in region 
• Rapid climatic change – linked to global phenomena and regional air quality 
• Continued development around park boundaries – housing, traffic, off-road vehicles, bicycle 

trails, development along highways 
• Decrease in wildlife corridor function related to increased development 
• Poaching – increase in next 5-10 years related to increase in access along boundaries 
• Continued degradation of water quantity and quality due to development  
• Regional effects of herbicide application on air and water quality 
• Continued invasion by exotic plant and animal species 
• Introduction of non-native diseases into ecosystem 
• Political decisions in Washington – cost-cutting, weakening of environmental laws, etc. 
• If the park does not receive ownership and stewardship of the Ismay land (land which may be 

added to Yucca House in the future), there is a threat of surrounding lands being subdivided for 
development, which would eliminate the rural setting and ability of the area to support much of 
the local wildlife and wildlife corridors 

• If under NPS management, there is the possibility that the addition would not be managed for its 
natural qualities or the NPS would not restore these lands (cease livestock grazing, control the 
non-native species, and restore the native biota). The site’s natural integrity could be 
permanently impaired 

6.  Most important natural resource monitoring needs: 
• Funding to carry out natural resource monitoring 
• Qualified staff to design and implement monitoring plans 
• Air quality 
• Funding to improve GIS capabilities and data management 
• Water quality and quantity  
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• Fire effects and vegetation studies – long term 
• Tracking species of special concern – birds and bats 
• Fence condition along boundaries to prevent trespass livestock 
• Exotic plant species – spread and introduction of new taxa 
• Ungulate populations 

7.  Current research, inventory, and monitoring projects: 
• Quantitative and reliable, both short and long term 

− Inventory of flora and fauna (including I&M Program inventories) 
− Comprehensive water quality study (U.S.G.S.) 
− Surficial geology mapping 

• Qualitative and/or short term, or more like inventories (efforts declining or sporadic) with less 
reliable data management and synthesis 

− Investigation into the demise of the leopard frog from southwestern Colorado and 
potential means for a restoration program: extant populations, habitat potential in park, 
habitat description of occupied sites 

− Prairie dog colony location/size; and colonies on adjacent lands. 
− Wintering bald and golden eagle survey 
− Breeding bird survey 
− Fall bird migration 
− Insect and spider inventories 
− Relevés relating to various plant communities 
− Past and current cottonwood tree locations 
− Climatological data analysis from tree rings in process 
− Meteorological data just getting started and is intended to become long term, includes 

ultraviolet radiation  
8.  Important historic research, inventory or monitoring projects: 

• Map of springs, water sources 
• Bedrock geological map (Griffits) 
• Paleontological evaluation (Griffits) 
• Soils map – Natural Resources Conservation Service 
• Inventories of reptiles and amphibians 
• Inventories of small mammals including bats 
• Oral histories from nearby residents relating to all aspects of natural resources in the county 
• Museum and herbarium collections of small mammals, insects, and plants 

9.  Cooperation with other agencies or landowners on inventory, monitoring, research, or  
     restoration projects: 

• ESA Section 7 consultation with U.S. Fish and Wildlife regarding Federally Listed Species, also 
candidate species, over many park plans 

• Boundary fencing issues with the Ute Mountain Ute Tribe, BLM, and private landowners   
• Consult with U.S. Geological Survey hydrologist, Win Wright, on use on water monitoring 

instruments, water chemistry, etc. and preparing funding proposals 
• Work with NRCS soil scientist, Doug Ramsey, on soil surveys and relationships to plant 

communities, etc. 
• Weed control support and training from the county supervisor and the extension agent 

10.  Scientists recommended for Science Advisory Committee: 
• Dr. Bill Romme (Prescott College) 
• Dr. Lisa Floyd-Hanna (Prescott College) 
• Dr. Mike Bogan (U.S.G.S. Arid Lands Field Station, University of New Mexico) 

11.  One long-term monitoring project in park: 
• Presence of non-native plant species 

12.  Best way(s) to make I&M information available to interpretive staff and public: 
• Link from I&M Program website to Mesa Verde website 
• Prepare publication similar to Yellowstone NP on research in the park 
• Make documents and reports available to interpreters 
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• Include summaries of papers and reports for interpreters 
• Make formal reports available in appropriate places including web sites 
• Researchers should give semi-annual updates on projects to park staff 
• Develop additional interdisciplinary positions at park, including education/natural resources  
• Park interpretive staff members assigned to natural resource programs for information exchange 

– liaison duties 
• Seasonal staff training by Natural Resource staff; seasonal staff should include interpretive staff, 

protective staff, fire staff, maintenance staff and archeological staff. 
• Natural Resource newsletter - details monthly findings and sightings; best if available in 

hardcopy, could also be by e-mail and web sites 
• Develop series of presentations by researchers at park for staff and public 
• Natural resource programs presented to local school groups and in parks 
• Check lists and photographic/text booklets for sale to the public. 
• Regular news releases covering more interesting findings. 

13.  Other issues, including interdisciplinary topics, landscape-level changes, or other topics: 
• Consider air quality as an issue larger than the park 
• Consider impacts of additional 12,000 gas and oil wells in region on air quality (e.g. 

formaldehyde levels) 
• Develop interagency monitoring approach to critical areas that are important to more than one 

jurisdiction 
• Inventories of invertebrates and fishes in park 
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Appendix H:  Data Mining Summary 
 
Data Mining Summary for FY03 and Strategy for FY04 
According to the Servicewide planning process, the second major step toward developing a long-term 
vital signs monitoring program is to summarize existing data and understanding.  The process of locating, 
documenting, and cataloging existing data and understanding for the I&M program is termed “data 
mining.”  In the business world, this term refers to uncovering hidden patterns in very large datasets; it is 
used here to mean uncovering hidden sources of data or information in parks.  Data mining involves the 
cataloging and documenting of these data/information sources in centrally located master databases, so 
park staff and others can locate and use them. 
 
The Servicewide I&M program has developed several databases that can be used to document and 
catalog information sources: NatureBib and Dataset Catalog.  Another database, NPSpecies, is 
specifically targeted at recording and documenting, with verifiable evidence, species occurrences within 
national park units.  These tools provide centrally-located, online databases into which information 
sources can be cataloged.  They also provide search tools so that park users, and eventually the general 
public, will be able to find documents or datasets by searching on keywords, author, title, etc.  NPSpecies 
provides reporting tools so that park staff can obtain current and documented species lists.  This 
appendix summarizes the accomplishments in locating and documenting reference and dataset materials, 
and in populating the NPSpecies database.  It also lays out a strategy for completing the data mining 
phase of the monitoring planning process. 
 
NatureBib 
NatureBib is the National Park Service’s database for cataloging natural resource bibliographic 
information.  NatureBib merges a number of previously separate databases dealing with natural resource 
related topics like air, deer, geology and paleontology. Although currently focusing on natural resource 
references, NatureBib may eventually be linked to references on cultural resources and other park 
operations.  NatureBib is a bibliographic resource not a repository for electronic documents.  The master 
database exists in Oracle software and is available through the internet with a login and password.  There 
is also an MS Access database which can be used on a desktop computer without being connected to the 
internet.  NatureBib complies with the Natural Resource Challenge related GPRA goal for completing 
bibliographic inventories in national park units. 
 
Accomplishments 
The Southern Colorado Plateau I&M Network began updating the ProCite NRBIB databases in May 2000, 
through a cooperative agreement with the USGS and NAU.  Jeanne Pendergast, who had spent several 
years working on the NRBIB project in the northwest, was hired through NAU to begin the work.  She 
began by obtaining, reviewing and editing the existing NRBIB databases for each park and sending 
edited records to be incorporated into the master database.  Approximately 4500 records were edited 
during this phase, focusing on such aspects as ensuring the minimum fields were populated, the 
keywords were appropriate, and the abstracts were complete. 
 
Once major edits to existing records were completed, records from newly-acquired documents were 
added to the database.  Sources included online journal databases available through the NAU library, 
documents sent in by the parks for incorporation into the NPSpecies database, the USGS Colorado 
Plateau Field Station library, and literature cited sections of significant documents.  Visits to parks began 
in winter of 2001. 
 
During each park visit, park staff were interviewed regarding their knowledge of the location of natural 
resource related documents.  Park libraries, natural resource office libraries, staff files, administrative 
files, and archives were searched for natural resource documents.  In addition to cataloging new 
information sources, old records were edited and/or completed.  Edits to the older records included 
adding or rewriting abstracts, correcting erroneous or changed location information, and ensuring all 
minimum required fields were completed. 
 

http://www.nature.nps.gov/nrbib/index.htm


Southern Colorado Plateau Network Phase Two – Appendix H – Data Mining Summary 

- H2 - 

Each park was visited at least once, though several parks received only reconnaissance visits.  During 
this time approximately 5000 records, consisting of both new and edited records, were incorporated into 
the master database.  The criteria for adding new documents during the first year were very broad, 
including the following: 

• Reports on natural resource management, inventory or monitoring projects in or adjacent to the 
park, both internal and those completed through cooperative agreement or contract 

• Pertains directly to the park or immediately adjacent lands 
• Could be useful in planning for long-term monitoring 

− indicates baseline conditions 
− indicates conditions in years past 
− reports measurements, conditions, trends over a period of time 
− presents information unique to that park 

• Information on species occurrences 
 
During the first year and a half of the bibliographic inventory neither the Oracle nor the Access database 
applications were developed enough to use in an efficient manner from the field.  Consequently, all data 
entry and editing work was accomplished using ProCite software, which was then sent to the NatureBib 
coordinator for conversion and import into the Oracle database.  This conversion and import process was 
not perfect and many records once imported contained errors that were created during the conversion 
process.  Import errors include such things as missing keywords, missing authors, missing dates, and 
incorrect document types.  Correction of these errors was postponed until the online database application 
was fully functional. 
 
By August 2002, 14 SCPN parks had complete inventories of their on-site holdings.  Additional records 
were added and edited by utilizing the NAU library resources.  During this time approximately 1000 
records were added to the database.  The Oracle online database application was in a much more usable 
form by this time, and seven SCPN park recordsets were reviewed and edited for content and import 
errors. 
 
During the winter of 2002/2003, the Geologic Resources Division (GRD) bibliographic database, called 
GRBIB, was added to the records on NatureBib.  This created some duplicate records, a problem which 
will be addressed next year.  See Table H1 for the current numbers of records in NatureBib for each park 
and the status of editing of online records. 
 
During the spring and summer of 2003, work began on updating GRCA, GLCA/RABR and MEVE 
databases.  A former GRCA library technician worked during the summer at both Grand Canyon and 
Mesa Verde National Parks.  A considerable amount of time was spent at GRCA on the following tasks: 
1) data mining of resource staff and administrative files, 2) identifying relevant reports in park 
bibliographic databases for import into NatureBib, and 3) reviewing and editing GRCA’s NatureBib 
database.  A shorter amount of time was spent at Mesa Verde during which the following tasks were 
accomplished: 1) reviewed park library material, part of the Research Center’s collection, and most of the 
staff files for uncataloged natural resource reports, 2) identified 41 significant reports from staff files, and 
3) identified 497 records for global editing.  By the end of October, approximately 500 new records will be 
added to GRCA’s NatureBib database; 40 new records will be added to MEVE’s database and 
approximately 500 will be edited to include correct location information. 
 
At Glen Canyon NRA, a summer intern worked part-time on the NatureBib project until September, 
creating 15 new records. 
 
The criteria for adding records during this time were narrowed so as to increase efficiency: 

• Natural resource documents pertaining directly to park 
• Final reports (no annual or progress reports) 
• Unpublished or grey literature 
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Table H1.  Number of park NRBIB and GRBIB records, dates of last park visit and status of 
preliminary editing of online database, as of August 2003. 
 

Park Total 
NatureBib 
Records 

# NRBIB 
Records 

# GRBIB 
Records 

Last Visit Edit of online 
NRBIB Records 

AZRU 127 78 49 8/2001 Y 
BAND 1257 834 423  Y 
CACH 305 253 52 3/2001 Y 
CHCU 743 743 0 3/2001 Y 
ELMA 581 194 385 8/2002 Y 
ELMO 193 122 71 8/2002 N 
GLCA 2828 1377 1451 5/2000 N 
GRCA 3851 2508 1343 7/2001 N 
HUTR 58 46 12 6/2003 N 
MEVE 2422 1220 1202 8/2001 N 
NAVA 225 190 35 3/2001 Y 
PEFO 496 265 231 7/2002 N 
PETR 650 503 147 5/2001 N 
RABR 55 54 1 5/2000 N 
SAPU 190 76 114 5/2001 Y 
SUCR 285 249 36 3/2002 N 
WACA 237 187 50 3/2002 N 
WUPA 584 410 174 3/2002 N 
YUHO 82 55 27 8/2001 N 

 
Work Plan 
The primary goals for NatureBib in FY2004 will be completion of park inventories and a review of the 
database for integrity and consistency of information.  Completing park inventories will involve a 
combination of local park staff and network staff traveling to those parks with remaining inventory work 
(BAND, GLCA/RABR, MEVE, GRCA).  The review and edit process will include eliminating duplicate 
records, ensuring sensitivity of records is correct, deleting improper citations, and eliminating all ProCite-
to-Oracle import errors.  Additional tasks include development of maintenance procedures and training 
park staff in the use of NatureBib. 
 
Bibliographic inventories will be completed by September 30, 2004.  This will indicate that each of the 
following areas at a park had been searched for reference material, and any relevant material is 
cataloged in NatureBib: 1) natural resource library, 2) staff files, 3) archives, 4) administrative files, 5) park 
libraries, and 6) relevant special collections.  In addition, the database will be free from major errors, and 
records will be correctly screened for sensitivity issues. 
 
Once the inventory phase is complete, NatureBib will move into the long-term maintenance phase which 
will require communication, cooperation and commitment on both park and network staffs parts. 
 
Priority 1: Complete park inventories.  

Four SCPN parks will need significant work to complete bibliographic inventories: Bandelier, Glen 
Canyon/Rainbow Bridge, Grand Canyon, and Mesa Verde.  Network staff will be available to travel 
to these parks to complete inventories.  If preferred, park staff can be used to complete inventories, 
under certain conditions. 

 
Priority 2: Complete review and edit of Oracle database. 

• Remove duplicate records 
• Correct import errors  (incorrect document type, incomplete information, etc) 
• Remove insignificant records  
• Confirm correct sensitivity setting 

 
Priority 3:  Establish and implement long-term maintenance of NatureBib 
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We propose that the data manager establish a routine exchange of information with the permitting 
official from each park (or the most appropriate individual).  After Investigator Annual Reports are 
complete for the year, the network will request copies of any new final reports from the permitting 
official, and enter them into NatureBib. 

 
Priority 4: Train park staff in use of NatureBib 

NatureBib’s usefulness as a research tool needs to be advertised to all park staff.  As visits are 
made to parks for work on NatureBib, network staff will make every effort to demonstrate and/or 
train park staff how to use the bibliographic database.  

 
Dataset Catalog  
Dataset Catalog is a tool for cataloging and creating abbreviated metadata for natural resource datasets.  
It does not provide Federal Geographic Data Committee (FGDC) compliant metadata, but it uses the 
same standard and can be mapped directly to it.  It is currently a standalone MS Access database and 
will be integrated with an internet based Oracle database called NR/GIS Metadata.  NR/GIS Metadata will 
also integrate with ArcCatalog and SMMS created FGDC compliant metadata, and will be searchable 
through the NPSFocus metadata clearinghouse. 
 
Accomplishments 
The Southern Colorado Plateau Network began work on the Dataset Catalog in May 2002 with visits to 
the Flagstaff Area National Monuments (Wupatki, Walnut Canyon, and Sunset Crater Volcano), Petrified 
Forest National Park, El Morro, and El Malpais National Monuments.  The four trips yielded 23 datasets to 
be cataloged into the database.  It was determined that a different strategy was necessary to locate and 
catalog available datasets for SCPN parks. 
 
The NPS Research Permit and Reporting System (RPRS) database was deemed a good place to start 
locating datasets.  This system allows researchers to apply for permits, to submit Investigator Annual 
Reports (IAR), and to subsequently search existing IARs to determine what research has already taken 
place in the parks.  In order to more efficiently locate applicable datasets, the RPRS website was mined 
for projects meeting database criteria, the information that could be gleaned from the IARs was used to 
begin a dataset catalog record, and the principle investigators (PI) were contacted directly to fill in any 
necessary details.  Letters were mailed to the PI’s and followed up with emails and phone calls if needed.  
This technique yielded good results with most of the 137 contacted investigators responding to our 
inquiries with not only answers to our questions, but in many cases, with actual copies of reports and/or 
the datasets.  Currently 213 datasets have been cataloged in Dataset Catalog, of which 66 records are 
complete (Table H2). 

http://science.nature.nps.gov/im/apps/datacat/index.htm
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Table H2.  Total number of records, number of complete records and number of investigators 
initially contacted about datasets per park.  Complete records are those for which the field studies are 
complete and all information for the dataset has been recorded.  The number of records a park has 
reflects the number of projects listed on the NPS permit web page (except for Grand Canyon, for which 
mining of permit web page was not completed), it does not indicate the number of datasets available for 
that park. 
 

Park # of Records Complete Records # Investigators 
contacted/park 

AZRU* 1 1 0 
BAND 23 11 20 
CACH* 0 0 0 
CHCU 6 4 5 
ELMA 27 8 19 
ELMO 4 1 4 
GLCA 59 9 17 
GRCA 4 0 3 
HUTR* 1 0 1 
MEVE 33 5 21 
NAVA 3 1 3 
PEFO 6 6 0 
PETR 5 2 5 
RABR* 1 1 1 
SAPU* 2 1 1 
SUCR 6 1 3 
WACA 8 2 6 
WUPA 20 11 12 
YUHO* 4 2 3 
Total 213 66 137# 

#Total number of principle investigators contacted; several investigators worked at multiple parks so this 
column will not add up to 137. 
 
Work Plan 
The primary goal for Dataset Catalog in FY2004 will be to complete park inventories.  This will involve 
network staff traveling to SCPN parks to work with park staff in locating and documenting significant 
datasets.  Completion of park inventories will indicate that each of the following areas had been searched 
for datasets, and any relevant material is cataloged in Dataset Catalog: 1) natural resource library, 2) staff 
files, 3) archives, 4) administrative files, 5) park libraries, and 6) relevant special collections.  Some 
research into regional or national museum archives may be included in the search area.  In addition, the 
database will be free from major errors, and records will be correctly screened for sensitivity issues. 
 
Creation of a full Dataset Catalog record is quite involved and a time-intensive task.  Criteria will be used 
to ensure that only the most significant datasets are included in the database.  Significant datasets are 
those that are well documented, spatially extensive or data intensive, long-term, and/or historic. 

• Well documented:  Final report exists, if the project is complete, annual reports if the project is 
ongoing.  Report(s) document locations, data collection protocols, and data analysis so that the 
project is repeatable. 

• Spatially extensive:  Project covers or covered a large percentage of the park. 
• Data intensive:  Project is/was spatially and/or temporally limited, but large amounts of data on 

many parameters were collected. 
• Long-term:  Project is/was three years or longer in duration. 
• Historic:  Project provides data on the condition of natural resources in the past. 

 
Priority 1: Complete park inventories. 

Most of the data mining that could be completed without park involvement has been done; this year’s 
work will focus on the parks.  Park staff will be interviewed to glean the location of known datasets; 
the names of scientists who have completed a significant amount of work in the park; past research, 
inventory or monitoring projects; and important reports.  In addition network staff will search park 
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staff and administrative files and park archives to locate datasets which may not be known to current 
park staff. 
For datasets that are current and in progress, a metadata questionnaire will be used to obtain the 
necessary information for dataset catalog.  It can be filled out by the park employee most familiar 
with the project and a dataset record created from the questionnaire. 
 

Priority 2:  Evaluate significant datasets for digitizing or updating. 
Valuable historic datasets, such as the 1930’s forest plot data recently discovered at Grand Canyon, 
will need to be digitized before any modern analysis or comparisons can be accomplished.  Datasets 
that are part of a current project may need to be updated to the NPS standard database software, 
MS Access. 

 
 
NPSpecies  
NPSpecies is the National Park Service database that stores and manages data about species 
occurrences in each NPS unit.  It exists as a master Oracle database available over the internet with a 
MS Access version also available for local use.  It has the capability of recording three different forms of 
evidence for each species occurrence: reference citation, observation, and voucher/museum specimen.  
NPSpecies uses the Integrated Taxonomic Information System (ITIS) as its standard classification 
system.  NPSpecies will be used to evaluate performance on the biological inventory GPRA goal from the 
Natural Resource Challenge. 
 
Accomplishments 
The NPSpecies database was originally populated with data from NPFlora, NPFauna, and external 
regional databases, such as the Biota of North America Program (BONAP).  These original records were 
updated using reference material provided by SCPN parks.  The reference sources included species lists, 
research reports, inventory reports, and electronic documents and spreadsheets.  As species records 
were updated, the nomenclature was updated to conform with ITIS nomenclature.   
 
NPSpecies includes the capability to link different types of evidence to each species occurrence in a park. 
There are three forms of evidence: references, vouchers and observations.  Species occurrences which 
were documented in a published or unpublished report are linked to a citation of that report in NatureBib.  
Species occurrences documented through a voucher or museum specimen are linked to information 
about that specimen, which includes repository, catalog number, date and location of collection, among 
other things.  Most of the voucher specimen data has been imported from park ANCS+ databases, but 
several records have been produced from the Washington office nationwide museum search.  Species 
occurrences documented through a direct observation are linked to information about the observation, 
which includes the observer’s name, date and location of observation, etc.  In the future, evidence links 
will be available to databases through Dataset Catalog. 
 
As of July 14, 2003, there were 13,950 records documenting approximately 4,400 different taxa for the 
nineteen SCPN parks.  Of these, 2,236 records have vouchers as evidence, 9,308 have references as 
evidence, and 159 have observations as evidence.  In total, 10,002 records (71%) are confirmed by at 
least one form of evidence (the number of records with vouchers, references and observations as 
evidence will not sum to 10,002, as many records have more than one form of evidence).  See Tables H3 
and H4 for a summary of the number of records of each taxonomic group for each park.  Except for 
invertebrates, taxa are typically at the species or sub-species level. 
 
The number of records linked to voucher evidence will increase as each park’s natural history collections 
are imported into NPSpecies; seven parks’ ANCS+ databases have been imported as of June 2003.  
Table H5 shows the status of acquiring and importing each park’s natural history specimen data from 
ANCS+.  Evidence will also increase with the conclusion of the biological inventories.  All information from 
the first two years of biological inventories has also been used to update park species records, however 
the references and vouchers will not be linked as evidence until final reports and databases are received. 
 

http://science.nature.nps.gov/im/apps/npspp/DesktopApp.htm
http://www.itis.usda.gov/
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Table H3.  Number of NPSpecies records of each taxonomic group for each SCPN park, August 
2003. 
 

Park Amphibian Reptile Bird Mammal Fish
Vascular 

Plant 
Non-vascular 

Plant Fungi Invertebrate 
Total # of 
Records

AZRU 2 11 129 62 0 329 0 0 0 533 
BAND 10 36 216 76 34 759 0 0 519 1650 
CACH 9 14 147 57 2 638 0 0 0 867 
CHCU 5 22 165 46 0 312 0 0 26 576 
ELMA 10 27 213 72 0 479 12 91 118 1022 
ELMO 10 23 159 77 0 298 0 0 0 567 
GLCA 7 27 300 96 29 970 0 0 0 1429 
GRCA 8 42 304 75 23 1561 0 0 0 2013 
HUTR 0 1 52 4 0 160 0 0 0 217 
MEVE 8 31 217 83 0 653 0 0 0 992 
NAVA 4 9 146 53 0 347 0 0 0 559 
PEFO 8 16 249 70 0 450 0 0 0 793 
PETR 6 29 109 36 0 223 0 0 0 403 
RABR 0 0 0 0 0 118 0 0 0 118 
SAPU 5 17 131 56 0 208 0 0 0 417 
SUCR 2 11 117 29 0 180 0 0 1 340 
WACA 4 15 126 57 0 434 0 0 0 636 
WUPA 6 22 151 53 1 291 0 0 0 524 
YUHO 4 13 141 47 0 89 0 0 0 294 
          13950 
 
Table H4.  Number of vertebrate, plant and fungi, and invertebrate records for each SCPN park, 
and the number of those records which have at least one form of evidence, August 2003.  Evidence 
can be in the form of a reference, a voucher specimen, or an observation. 
 
 Vertebrates Plants & Fungi Invertebrates Total 

Park # Records 
#Records 

w/evidence # Records 
#Records 

w/evidence # Records
#Records 

w/evidence # Records
#Records 

w/evidence 
% 

complete
AZRU 204 155 329 29 0  0  533 184 35
BAND 372 304 759 724 519 145 1650 1173 71
CACH 229 229 638 442 0  0  867 671 77
CHCU 238 231 312 303 26 26 576 560 97
ELMA 322 303 582 569 118 118 1022 990 97
ELMO 269 177 298 273 0  0  567 450 79
GLCA 459 448 970 829 0  0  1429 1277 89
GRCA 452 442 1561 0 0  0  2013 442 22
HUTR 57 57 160 89 0  0  217 146 67
MEVE 339 297 653 567 0  0  992 864 87
NAVA 212 196 347 343 0  0  559 539 96
PEFO 343 315 450 446 0  0  793 761 96
PETR 180 112 223 190 0  0  403 302 75
RABR 0 0 118 118 0  0  118 118 100
SAPU 209 0 208 0 0  0  417 0 0
SUCR 160 101 180 177 0  0  340 278 82
WACA 202 178 434 433 0  0  636 611 96
WUPA 233 205 291 277 0  0  524 482 92
YUHO 205 154 89 0 0  0  294 154 52

     SCPN Total Records 13950 10002 72
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Table H5.  Status of acquiring and importing each park’s ANCS+ natural history records, August 
2003. 
 
Park ANCS+ Database 
AZRU No natural history records 
BAND Partially imported 
CACH Acquired, not imported 
CHCU Imported 
ELMA Imported 
ELMO Imported 
GLCA Not acquired 
GRCA Not acquired 
HUTR Acquired, not imported 
MEVE Not acquired 
PEFO Acquired, not imported 
PETR Not acquired 
RABR Not acquired 
SAPU Not acquired 
NAVA Imported 
SUCR Imported 
WACA Imported 
WUPA Imported 
YUHO Not acquired 

 
Work Plan 
NPSpecies work in FY 2004 for will focus on resolving classification and taxonomy issues, obtaining 
evidence for existing NPSpecies records, and preparing for the certification process 
 
Priority 1:  Designate network data manager as point of contact for each park 

The national NPSpecies coordinator will require each park to designate a point of contact for that park 
with the WASO NPSpecies program.  It is recommended that the network data manager serve as 
point of contact for I&M parks.  Point of contact responsibilities include: 1) manage logins for online 
database, 2) convert legacy datasets into NPSpecies format, 3) ensure voucher data from national 
data mining effort is converted, 4) ensure any new data from I&M projects is incorporated, 5) ensure 
sensitive data are designated, 6) ensure proper review and certification of the database.  Point of 
contact will be designated using a Memorandum of Agreement between all nineteen SCPN parks and 
the network.  This will be prepared by the network and circulated from the Board of Directors in 
October. 
 

Priority 2:  Resolve classification/taxonomy issues 
NPSpecies uses the ITIS taxonomic standard as its base, however, functionality has been built into 
the database to allow each park or network to also use a more local classification standard.  Input is 
needed from SCPN park biologists on this aspect of the database: should SCPN standardize all 
species lists to ITIS taxonomy, or would some local taxonomic classification be better suited to certain 
taxonomic groups.   
 

Priority 3:  Acquire new species records and evidence for existing records 
Search for new species records in publications, observations files, and museum specimens.  The 
Washington office group is in the process of acquiring specimen databases from regional and 
national museums (those that are databased), and have developed geo-referencing tools to assist 
with locating park records.  The network will acquire these databases and geo-referencing tools and 
locate and import any relevant specimen records for SCPN parks. 
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Priority 4:  Designate sensitive records 
The network will obtain from each SCPN park a list of sensitive species and the level of access each 
species record should have.  Access levels are available to: 1) Public, 2) NPS employees only, and 3) 
Park employees only.  The network will ensure each sensitive species record is correctly designated 
as such. 
 

Priority 5:  Implement certification process 
The certification process is a means to provide documentation that the species list for each park has 
been reviewed by an expert and meets certain QA/QC.  The network will work with SCPN parks to 
identify experts to review each taxonomic group.  The network will coordinate and facilitate QA/QC 
and review procedures and submit necessary paperwork. 
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Data Mining Summary for FY04 
DRAFT 
A complete summary of FY2004 accomplishments and FY2005 plans related to NatureBib, Dataset 
Catalog, and NPSpecies is in development for the 2004/2005 Annual Report and Work Plan.  NatureBib 
and Dataset Catalog accomplishments for FY2004 are detailed in the following section. 
 
NatureBib and Dataset Catalog 
During 2004, Rande Cross began data mining at Bandelier National Monument (BAND), Glen Canyon 
National Recreation Area (GLCA) and Petrified Forest National Park (PEFO). Significant natural resource 
reports and datasets were identified during site visits and records were added to the NPS NatureBib 
database and Dataset Catalog.  Additional work was completed for Grand Canyon National Park (GRCA) 
and Mesa Verde National Park (MEVE). 

This report summarizes the accomplishments for these parks and presents recommendations for further 
additions to and improvements of the NatureBib database for the SCPN.  

Park Unit Site Visit Dates Key Contacts 
Bandelier National Monument 2/2/04 – 2/10/04 Steve Fettig and Brian Jacobs 

Glen Canyon National Monument 3/1/04 – 3/5/04, 5/11/04 
– 5/14/04 

John Spence and Jeanie Hockins 

Petrified Forest National Park 8/16/04 – 8/20/04 Pat Thompson 

Grand Canyon National Park Ongoing Elaine Leslie and Lori Makarick 

Mesa Verde National Park 10/27/03 – 10/31/03 George San Miguel and Cheri Dorshak 

 
1. Bandelier National Monument 

Resource managers and scientists routinely conduct inventory, monitoring, and research projects in 
Bandelier National Monument. Their reports provide information for decisions about protection, 
preservation and management of BAND’s natural and cultural resources. Currently, these scientific 
reports are located in staff and administrative files throughout the park, in the resource management 
collection and in the park library (Table 1). 

The following tasks were accomplished in 2004:  

1) data mining of resource staff and administrative files; 

2) identifying relevant reports in the Los Alamos National Laboratory’s library and OCLC 
FirstSearch1 databases; and  

3) improving Bandelier National Monument’s NatureBib database.  

 

Task 1 – Data mining BAND staff and administrative files 

A significant amount of information about natural resources in Bandelier National Monument has not been 
catalogued or entered into centralized databases. It resides in the personal files of past and present 
resource managers. In 2004, I inventoried natural resources staff files and the administrative files of the 
previous Superintendent. Julie Atkins and I interviewed individual resource staff members to identify 
significant material for addition to the NatureBib database.  

                                                 
1 OCLC FirstSearch is a library computer service that provides access to a wide range of subjects in 25 databases. 
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Task 1 accomplishments include the following: 

a) reviewed material in 29 drawers of staff and administrative files; 

b) identified 200 significant reports from staff and administrative files (accomplishment a); 

c) searched Los Alamos National Laboratory’s library and OCLC FirstSearch  databases for relevant 
reports; 

d) created 169 bibliographic records in NatureBib database for documents identified in 
accomplishment b and c;  

e) reviewed 1,378 computer files (844mb) for datasets; and 

f) created 13 Dataset Catalog records for significant datasets identified in accomplishment d. 

 

Task 2 – BAND NatureBib Database 

Bandelier National Monument has 1,044 bibliographic records in the NatureBib database (excluding 
GRBib records). The bibliographic information and keywords in the NatureBib database need to be 
corrected or updated. This task focused on improving the accuracy of NatureBib database records to 
ensure efficient retrieval of material by users. 

Task 2 accomplishments include the following: 

a) added bibliographic information to the records (series entries, physical description); 

b) assigned NCP Network and Library of Congress subject headings; and 

c) updated 128 NatureBib database records with information identified in accomplishments a and b. 

 

Recommendations for Additions to the BAND NatureBib Database 

The goal of the NPS Inventory and Monitoring Program is to provide resource managers and scientists 
comprehensive information about the categories and status of natural resources in national park units. 
This information is essential for park managers who make decisions about protection, preservation, and 
management of natural resources.  

I recommend that the NPS Inventory and Monitoring Program complete the following tasks to add to and 
improve BAND’s NatureBib database: 

a) create bibliographic records for 31 reports identified during initial data mining of resource staff 
and administrative files for inclusion in the NatureBib database (see Task 1 accomplishment b); 
and 

b) review remaining staff files for significant reports/datasets and add these to the NatureBib 
database and Dataset Catalog (see Table H6). 
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Table H6. Bandelier National Monument Natural Resources Information 
 
Collection Description Collection Size  

Status of data mining 
Collection Location 

Natural Resources Office Files: natural 
resource information; reports, monographs, 
dissertations, unpublished manuscripts, 
documents, reprints, management plans, 
datasets 

Steve Fettig’s files: 19 
drawers and 1,378 computer 
files (844mb)  
Brian Jacob’s files: 6 drawers 
(Julie reviewed) 
 
Status: incomplete; 3 drawers 
of Steve’s files remaining  

Natural Resources 
Office, Building 29A 

Resource Management Library: natural 
and cultural resource information; reports, 
monographs, management plans 

40 boxes 
 
Status: complete 

Trailer 135 on mesa top 

Kay Beeley’s and Craig Allen’s Office 
Files: natural resource information; reports, 
reprints, monographs, datasets 

Size unknown 
 
Status: incomplete 

Building 29 

Resource Management Office, Chief’s 
Office Files: natural and cultural resource 
information; reports, management plans, 
unpublished manuscripts  

9 drawers and book shelves 
 
Status: complete 

Resource Management 
Office, located next to 
soda machine by the 
park gift shop 

Central Files: natural and cultural resource 
information; administrative records, BAER 
reports, management plans 

45 file drawers (Natural 
resources material H-L, 12.5 
drawers) 
 
Status: incomplete 

Administration Building 

Superintendent’s File Cabinet 1980-2000: 
natural and cultural resource information; 
management plans, administrative records, 
reports 

4 drawers 
 
Status: complete 

Administration Building – 
Central Files 

Park Library: natural and cultural resource 
information; monographs, vertical files, 
videos (primarily interpretation material) 

8 vertical file drawers (Julie 
reviewed) 
 
Status: complete 

Building 12 
 

Fire Management Office: natural resource 
information; BAER reports, fire effects 
database, data sheets, management plans 

Size unknown 
 
Status: incomplete 

Fire trailer near park 
entrance 

Adjacent Lands Monitoring: Valles Caldera 
Natural Preserve reports 

Size unknown 
 
Status: incomplete 

Contact David Breshears 
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2. Glen Canyon National Recreation Area 

Glen Canyon National Recreation Area’s scientific research reports are centrally located in the Resource 
Management Division at Park Headquarters (Table 2).  

Task 1 – Data mining GLCA staff and vertical files 

Jeanne Pendergast, an NPS Inventory and Monitoring staff member, identified significant information 
gaps following her site visit in 2002. She recommended additional data mining to locate reports published 
between 2001 and 2004. Most of the information about natural resources in Glen Canyon National 
Recreation Area was found in 1) centralized vertical files and personal files of resource managers and 2) 
the park library. During the two site visits, I inventoried natural resources staff files and part of the vertical 
file collections. 

Task 1 accomplishments include the following: 

a) reviewed most of the staff files and vertical files for uncataloged natural resource reports;  

b) identified 68 significant reports from staff files and vertical files (accomplishment a);  

c) created 58 bibliographic records in NatureBib database (accomplishment b); 

d) reviewed 2,892 computer files (1,163mb) for datasets; and 

e) created 17 Dataset Catalog records for significant datasets (accomplishment d). 

 

Task 2 – GLCA NatureBib Database 

Glen Canyon National Recreation Area has 1,439 bibliographic records in the NatureBib database 
(excluding GRBib records). Bibliographic information and keywords in the NatureBib database need to be 
corrected or updated. This task focused on improving the accuracy of NatureBib database records to 
ensure efficient retrieval of material by users. 

Task 2 accomplishments include the following: 

a) added bibliographic information to the records (series entries, physical description); 

b) assigned NCP Network and Library of Congress subject headings; and 

c) updated 45 NatureBib database records with information identified in accomplishments a and b. 

 

Recommendations for Additions to the GLCA NatureBib Database 

I recommend that the NPS Inventory and Monitoring Program complete the following tasks to add to and 
improve GLCA’s NatureBib database: 

a) create bibliographic records for 10 reports identified during initial data mining of resource staff 
and administrative files for inclusion in the NatureBib database (see Task 1 accomplishment b);  

b) create records for five remaining datasets identified during data mining of computer files for 
inclusion in the Dataset Catalog (see Task 1 accomplishment d); and 

c) review remaining staff and vertical files for significant reports and add these to the NatureBib 
database and Dataset Catalog (see Table H7). 
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Table H7. Glen Canyon National Recreation Area Natural Resources Information 

 
Collection Description Collection Size  

Status of data mining 
Collection Location 
 

Office Files: John Spence: natural resource 
information; reports, monographs, 
dissertations, unpublished manuscripts, 
documents, reprints, management plans, 
datasets  

7 drawers, a bookcase with 5 
shelves of material and 2,892 
computer files (1,163mb)  
 
Status: complete  

Park Headquarters – 
John’s office and 
bookcase located 
outside his office 

Office Files: Mark Anderson Size unknown 
 
Status: incomplete 

Park Headquarters – 
Mark’s office 

Office Files: Lex Newcomb Size unknown 
 
Status: incomplete 

Park Headquarters – 
GIS Room 

Office Files: John Ritenour: 
Natural and cultural resource information; 
management plans, reports, monographs 

Bookcase with 3 shelves of 
material 
 
Status: complete 

Park Headquarters – 
John’s office 

Office Files: Steve Bekedam: natural 
resource information; reports, management 
plans, unpublished manuscripts (grazing) 

2 shelves of material 
 
Status: complete 

Park Headquarters – 
Steve’s office 

Resource Management Vertical Files: 
natural resource information; reports, data 
sheets, resource management plans, GCES 
reports, archival reports, Norm Henderson’s 
files 

3 units of vertical files with 5 
drawers each 
 
Status: complete 

Park Headquarters – 
vertical files located next 
to exit doors opposite 
Norm’s office 

Research Permits RSP (IAR’s): natural and 
cultural resource information; investigator’s 
reports, permits 

1 unit of vertical files with 4 
drawers 
 
Status: incomplete 

Park Headquarters – 
vertical files located 
outside John Ritenour’s 
office 

General Files 2x2: natural and cultural 
resource information; administrative records 

3 units of 2x2’s 
 
Status: complete 

Park Headquarters – 
units located outside 
John Ritenour’s office 

Park Library: natural and cultural resource 
information; monographs, vertical files, 
videos (primarily interpretation material) 

Size unknown 
 
Status: complete 

Park Headquarters – 
Library located adjacent 
staff lunch room 
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3. Petrified Forest National Park 

Scientific research reports at Petrified Forest National Park are located in staff files throughout the park, 
in the park library and in the Museum Collection (Table H8). During the site visit, I also developed a 
strategy for organizing the natural resource manager’s personal files and recommended an approach to 
improve accessibility and use of the park library’s Triassic Collection (Appendix).  

 

Task 1 – Data mining PEFO staff and other park files 

Most of the information about natural resources in Petrified Forest National Park was found in: 1) 
personal files of resource managers, 2) the park library and 3) the Museum Collection. I inventoried 
natural resources staff files, park library collections, and part of the files in the Museum Collection. 

Task 1 accomplishments include the following: 

a) reviewed most of the staff files for uncataloged natural resource reports; 

b) identified 65 significant reports from staff files (accomplishment a); and 

c) reviewed park library collections and part of the Museum Collection. 

 

Task 2 – PEFO NatureBib Database 

Petrified Forest National Park has 265 bibliographic records in the NatureBib database (excluding GRBib 
records). The arrangement of this material has changed significantly since the last NatureBib update in 
2002. The Natural Resource Office files have been combined with administrative records and the past 
resource manager’s files; consequently, materials are difficult to locate. A new filing system is being 
established to improve the accessibility of the natural resource material. However, the reorganization will 
make the current location information in NatureBib inaccurate. 

This task focused on improving the accuracy of NatureBib database records to ensure efficient retrieval of 
material by the users. 

Task 2 accomplishments include the following: 

a) identified 99 records with location information that require editing. 

 

Recommendations for Additions to the PEFO NatureBib Database 

I recommend that the NPS Inventory and Monitoring Program complete the following tasks to increase 
and improve Petrified Forest National Park’s NatureBib database 

a) create bibliographic records for 65 reports identified during initial data mining of resource staff 
and administrative files for inclusion in the NatureBib database (see Task 1 accomplishment b); 
and 

b) edit 99 NatureBib database records to update location information (see Task 2 accomplishment 
a). 
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Table H8. Petrified Forest National Park Natural Resources Information 

 
Collection Description Collection Size 

Status of data mining 
Collection Location 

Office Files: Pat Thompson: natural and 
cultural resource information; reports, 
monographs, dissertations, unpublished 
manuscripts, journals, administrative records 

1 unit of vertical files with 4 
drawers; 3 boxes of assorted 
material; 6 shelves of books 
 
Status: complete 

Pat’s office 

Office Files: IARs and Compliance: natural 
and cultural resource information; 
investigator’s reports, permits, archaeology 
site folders, administrative records 

2 filing cabinets with 5 
drawers each 
 
Status: complete 

Natural Resources 
Office – GIS Room  

Park Library Collections: natural and 
cultural resource information; monographs, 
journals, reprints, unpublished manuscripts, 
reports, special collections 

Library holdings: unknown 
 
Separates Collection: 1 unit of 
vertical files with 4 drawers 
 
Triassic Collection: 1,189 
items 
 
Status: complete 

Park Headquarters – 
Administration 

Museum Collection: natural and cultural 
resource information; administrative records, 
unpublished reports, monographs, artifacts, 
specimens 

Museum holdings: unknown 
 
Status: complete 

Park Headquarters – 
across from visitor 
information desk 
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4. Grand Canyon National Park 

During 2003 and 2004, I continued to work on Grand Canyon NatureBib database records.  

 

Task 1 – Data mining GRCA staff and administrative files 

Task 1 accomplishments include the following: 

a) created 126 additional records in the NatureBib database. 

 

Task 2 – GRCA NatureBib Database 

GRCA’s collections have been reclassified and some materials have been moved to different locations. It 
is important to maintain accurate database information to ensure efficient retrieval of material for the user. 

Task 2 accomplishments include the following: 

a) reviewed location notes of 2,519 NatureBib database records, and 

b) updated 1,146 of these database records with new location information,  

c) added bibliographic information to the records (series entries, physical description); 

d) assigned NCP Network and Library of Congress subject headings; and 

e) updated 415 NatureBib database records with information identified in accomplishments c and d. 

 

5. Mesa Verde National Park 

During 2003 and 2004, I continued to work on Mesa Verde NatureBib database records. I also made a 
follow-up site visit to Mesa Verde National Park to complete data mining in the Research Center 
(museum) collection. 

 

Task 1 – Data mining MEVE Research Center natural resource material 

Over the course of five days, I reviewed files of past resource managers that had been transferred to the 
Research Center. This material consists of reports and administrative records dated from the 1930s to the 
1980s.  

Task 1 accomplishments include the following: 

a) reviewed 9.5 boxes of natural resource material;  

b) identified 27 significant reports; and  

c) created 27 NatureBib records. 

 

Task 2 – MEVE NatureBib Database 

During the initial site visit, I discovered that the Natural Resource Office files had been rearranged and a 
different filing system had been implemented that made the current location information in NatureBib 
inaccurate. After reviewing ProCite database records (downloaded to NatureBib), I determined that 348 
NatureBib database records required editing of the location information. 

Task 2 accomplishments include the following: 

a) created an inventory list that identified 348 records that required editing; and 

b) instructed staff in how to edit NatureBib database records. 
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Tables H9, H10, and H11 summarize the number of records in NatureBib, Datasets Catalog and 
NPSpecies for SCPN park units. 
 
 
Table H9.  Number of park NatureBib records, dates of last park visit and status of editing of 
online database, as of August 2004. 
 

Park Total 
NatureBib 
Records 

Last Visit Edit of online 
NRBIB Records 

AZRU 128 8/2001 Y 
BAND 1462 2/2004 Y 
CACH 306 3/2001 Y 
CHCU 744 3/2001 Y 
ELMA 582 8/2002 Y 
ELMO 194 8/2002 N 
GLCA 2895 5/2004 Y 
GRCA 4258 8/2004 Y 
HUTR 60 6/2003 N 
MEVE 2467 10/2003 Y 
NAVA 225 3/2001 Y 
PEFO 558 8/2004 Y 
PETR 651 5/2001 N 
RABR 56 5/2000 N 
SAPU 192 5/2001 Y 
SUCR 287 3/2002 N 
WACA 244 3/2002 N 
WUPA 585 3/2002 N 
YUHO 80 8/2001 N 

 
 
Table H10.  Number of datasets cataloged for each park, August 2004. 
 

Park # of Records 
AZRU* 1 
BAND 36 
CACH* 0 
CHCU 6 
ELMA 27 
ELMO 4 
GLCA 76 
GRCA 4 
HUTR* 1 
MEVE 33 
NAVA 3 
PEFO 6 
PETR 5 
RABR* 1 
SAPU* 2 
SUCR 6 
WACA 8 
WUPA 20 
YUHO* 4 
Total 243 
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Table H11.  Number of vertebrate, plant and fungi, and invertebrate records for each SCPN park, 
and the number of those records which have at least one form of evidence, August 2004.  Evidence 
can be in the form of a reference, a voucher specimen, or an observation. 
 
 
 Vertebrates Plants & Fungi Invertebrates Total 

Park # Records 
#Records 

w/evidence # Records 
#Records 

w/evidence # Records
#Records 

w/evidence # Records
#Records 

w/evidence 
% 

complete
AZRU 204 155 329 29 0  0  533 184 35
BAND 372 304 760 724 519 145 1651 1173 71
CACH 229 229 638 442 0  0  867 671 77
CHCU 240 231 312 303 26 26 578 560 97
ELMA 322 303 582 569 118 118 1022 990 97
ELMO 269 177 298 273 0  0  567 450 79
GLCA 459 448 990 857 0  0  1449 1305 90
GRCA 451 442 1780 457 1 0  2232 899 40
HUTR 57 57 201 178 0  0  258 235 91
MEVE 339 297 665 579 0  0  1004 876 87
NAVA 212 196 347 343 0  0  559 539 96
PEFO 343 315 450 446 0  0  793 761 96
PETR 180 112 223 190 0  0  403 302 75
RABR 0 0 123 123 0  0  123 123 100
SAPU 209 0 208 0 0  0  417 0 0
SUCR 159 101 182 179 1  0  342 280 82
WACA 202 178 441 439 0  0  643 617 96
WUPA 233 205 295 280 0  0  528 485 92
YUHO 205 154 90 0 0  0  295 154 52

     SCPN Total Records 14264 10515 74
 



Appendix I:  Park Specific Resource and Issue Categories

Aztec Ruins National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Aztec Ruins National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Bandelier National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Bandelier National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Canyon de Chelly National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Canyon de Chelly National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Chaco Culture National Historic Park Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Chaco Culture National Historic Park Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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El Malpais National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

El Malpais National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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El Morro National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer

njt
-I11-



VH H MH P NP NAClass Category

El Morro National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Glen Canyon National Recreation Area Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Glen Canyon National Recreation Area Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Grand Canyon National Park Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Grand Canyon National Park Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Hubbell Trading Post National Historic Site Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Hubbell Trading Post National Historic Site Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Mesa Verde National Park Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Mesa Verde National Park Issuec Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Navajo National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer

njt
-I21-



VH H MH P NP NAClass Category

Navajo National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Petrified Forest National Park Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Petrified Forest National Park Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Petroglyph National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Petroglyph National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Rainbow Bridge National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Rainbow Bridge National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Salinas Pueblo Missions National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Salinas Pueblo Missions National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Sunset Crater Volcano National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Sunset Crater Volcano National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Walnut Canyon National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer

njt
-I33-



VH H MH P NP NAClass Category

Walnut Canyon National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Wupatki National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Wupatki National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Yucca House National Monument Resource Categories

VS S P NP NAClass Category

Air resources Clear skies with low pollution

Communities, Habitats and Populations Dominant vegetation communities

Communities, Habitats and Populations Fauna - native species/communities of special interest

Communities, Habitats and Populations Fauna - T&E species

Communities, Habitats and Populations Flora - native species of special interest

Communities, Habitats and Populations Flora - T&E species

Communities, Habitats and Populations Unique or sensitive habitats or vegetation communities

Ecosystem -- Landscape Ecosystem structure and function

Ecosystem -- Landscape Unfragmented landscapes

Geologic and paleo resources Geologic features and processes

Geologic and paleo resources Paleobotanical and paleozoological resources

Geologic and paleo resources Volcanic features and processes

Resources relating to wildland values Natural landscapes as backdrop for cultural resources

Resources relating to wildland values Wilderness and natural areas

Soil resources Soil and soil quality

Soil resources Soil biota

Water resources Ground water

Water resources Intermittent/ephemeral water sources

Water resources Lakes and ponds

Water resources Perennial streams, rivers

Water resources Seeps and springs

VS = Very Significant Resource; S= Significant Resource; P = Present in Park; NP = Not present in 
Park;  NA = No Answer
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VH H MH P NP NAClass Category

Yucca House National Monument Issue Categories

Adjacent and upstream land uses Agricultural uses

Adjacent and upstream land uses Industrial/extractive uses

Adjacent and upstream land uses Rangeland and Forest Land Management

Adjacent and upstream land uses Urban/suburban/rural development

Adjacent and upstream land uses Water management - quantity

Exotic plants, animals & diseases Invasive exotics

Large scale natural disturbance and its disruption Disruption of fire regimes

Large scale natural disturbance and its disruption Disruption of flood effects

Large scale natural disturbance and its disruption Extreme events (flood, drought)

NPS Operations Cultural resource management

NPS Operations Maintenance and operational activities

NPS Operations NPS Development

NPS Operations NRM - Fire and fuels management

NPS Operations NRM - Resource management and restoration

Park uses Cultural resource use

Park uses Permitted livestock grazing and extractive use

Park uses Prohibited uses and collection

Park uses Visitor use - lake, river and shoreline

Park uses Visitor use - terrestrial

Previous land uses Previous land uses

Resource condition Altered vegetation structure or composition

Resource condition Arroyo/Riparian corridor instability

Resource condition Contaminant accumulation

Resource condition Declining air quality

Resource condition Declining plant/animal populations

Resource condition Declining water quality

Resource condition Erosional loss of soil, geologic and paleo resources

Viewshed, soundscape intrusions Viewshed, soundscape intrusions

Weather/climate change Weather/climate change

VH = Very High Importace; H = High Importance; MH = Moderately High Importance; P = Present in 
Park; NP = Not present in Park; NA = No Answer

Each park was allowed to rank only 3 categories as Very High, 3 as High, and 4 as Moderately High.
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Appendix J:  Air Quality and Air Quality Related Values Monitoring 
 
Overview 
The primary purpose of the Clean Air Act is to provide ambient air quality standards that protect human 
health.  Secondary standards were also set to protect the “national welfare,” which is broadly defined to 
include parks and natural areas.  Amendments to the Clean Air Act in 1977 added a "prevention of 
significant deterioration" (PSD) section, which charges federal land management agencies "to preserve, 
protect, and enhance the air quality in national parks, national wilderness areas, national monuments, 
national seashores, and other areas of special national or regional natural, recreational, scenic, or historic 
value." 42 U.S.C. Sec. 7470.  Class I areas include national parks larger than 6,000 acres and national 
wilderness areas and national memorial parks which exceed 5,000 acres.  All other clean air regions of 
the country are designated as Class II areas.  (For a summary of the Clean Air Act, the protections Class I 
and Class II areas receive, and its relation to the National Park Service see The Clean Air Act, by Molly N. 
Ross, available at the following web site: http://www2.nature.nps.gov/ard/caaross.htm. 
 
Four SCPN parks are designated Class I areas (Bandelier, Grand Canyon, Mesa Verde, and Petrified 
Forest), the rest are designated Class II areas.  Air quality information for the Class I areas has been 
summarized on the Air Resources Information System (ARIS) website:  
http://www2.nature.nps.gov/air/Permits/ARIS/index.htm. 
 
 
Potential Risk to Air Quality Related Values 
The NPS Air Resources Division (ARD) has contracted with the University of Denver (DU) to produce 
GIS-based maps and an associated look-up table that provide baseline values for a set of air quality 
parameters for all Inventory and Monitoring parks in the U.S.  These maps and tables are now available 
and serve as the Air Inventory for the parks.  Air Quality Inventory products are available on the Internet 
at the Air Atlas website.  Air Atlas uses both information from parks with on-site monitoring and 
information from all the major air quality monitoring networks.   
 
A table of selected Air Atlas data for the SCPN (Table J1) shows air quality parameters that may help 
determine the risk to air quality related values in the parks of the SCPN.  Air quality related values 
(AQRVs) are those resources that are potentially sensitive to air pollution, and include vegetation, wildlife, 
water quality, soils, and visibility. 
 
A review of the air quality table for SCPN indicates that pollutants of concern include ozone, nitrogen and 
sulfur compounds, and visibility-reducing compounds.  In addition, mercury (as deposited by the 
atmosphere) is a growing concern in the SCPN. 
 
 
Ozone 
A review of the air quality table indicates that ozone concentrations and cumulative ozone doses 
(SUM60) are high enough to induce ozone injury symptoms in sensitive plant species under certain 
conditions.  Peak ozone concentrations exceed 100 ppb and cumulative ozone doses exceed 15,000 
ppb-hrs in some parks, both thresholds for ozone injury.  In addition, trend data shows that ozone 
concentrations are significantly increasing in parks on the Colorado Plateau (Air Quality in the National 
Parks, 2nd ed.). 
 
The draft Southern Colorado Plateau Ozone Risk Assessment produced by Air Resources Division 
indicates that many SCPN parks are at a low risk for foliar ozone injury to plants.  Exceptions to this are 
Aztec Ruins and Canyon de Chelly National Monuments, which have a high risk for injury, and Petrified 
Forest National Park, Sunset Crater Volcano, Walnut Canyon, and Wupatki National Monuments, which 
have a moderate risk for injury.  All SCPN parks have plant species known to be sensitive to ozone.  

http://www2.nature.nps.gov/air/Permits/ARIS/index.htm
http://www2.nature.nps.gov/air/maps/airatlas/index.htm
http://www2.nature.nps.gov/air/regs/cleanAir.htm
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Table J1.  Estimates for ozone, nitrogen and sulfur deposition, and visibility measurements for 
SCPN parks.   
 
 Ozone (ppb) (ppb-hrs) NADP (kg/ha/yr) Visibility - IMPROVE
Park 2ndHi1hr 4thHi8hr #8hr>85 #1hr>100 Sum60_3Mo Total S Total N bextClear bextHazy
AZRU 81.7 67.2 0.1 0.1 10,900 1.00 1.44 6 24 
BAND 89.6 68.3 0.2 0.2 16,600 1.07 1.58 8 27 
CACH 86.6 70.1 0.8 1.1 13,800 0.83 1.23 7 26 
CHCU 86.2 68.1 0.2 0.2 13,300 0.98 1.42 7 26 
ELMA 88.6 68.6 0.4 0.4 15,000 0.93 1.34 8 28 
ELMO 88.6 69.2 0.6 0.6 15,000 0.90 1.30 8 28 
GLCA 92.2 74.0 1.5 2.8 18,500 0.68 1.07 6 23 
GRCA 95.0 77.6 2.2 3.5 24,700 0.60 1.21 6 25 
HUTR 90.8 72.4 1.6 2.7 15,800 0.82 1.22 8 26 
MEVE 80.6 67.2 0.1 0.1 11,100 0.93 1.35 6 24 
NAVA 90.7 74.1 1.9 3.3 17,200 0.77 1.19 7 24 
PEFO 101.2 78.2 3.3 6.4 34,600 0.80 1.18 9 27 
PETR 89.8 68.3 0.2 0.2 13,900 1.05 1.51 8 28 
RABR 90.8 74.7 1.8 2.9 18,800 0.72 1.14 6 24 
SAPU 92.8 69.3 0.4 1.0 14,000 1.10 1.55 8 30 
SUCR 104.8 81.7 4.1 7.9 32,300 0.62 1.10 7 25 
WACA 106.1 82.2 4.3 8.3 33,600 0.60 1.06 7 26 
WUPA 103.5 81.2 3.9 7.6 31,000 0.66 1.15 7 24 
YUHO 80.7 67.4 0.1 0.1 11,300 0.93 1.35 7 25 
Source: NPS Air Atlas 
Ozone information represents 5-yr average of annual values from 1995-1999: 
   2ndHi1hr: 2nd highest 1 hour concentration of ozone; old standard of 120 ppb was based on this 
   4thHi8hr: 4th highest 8-hr concentration of ozone; new ozone standard of 80 ppb is based on this 
   #8hr>85: Number of 8-hr averages greater than 85 ppb; indicates how many times this site would exceed new standard 
   #hr>100:Number of 1-hr averages greater than 100 ppb; indicates high peaks in ozone concentration 
   SUM60_3mon: sum of 1-hr avg. concentrations ≥ 60 ppb over 3 mo. growing season; indicates cumulative ozone dose 
NADP information represents 6-yr average of annual values from 1995-2000: 
   Total S – estimate of sulfur from sulfate deposited to ecosystem by precipitation  
   Total N - inorganic nitrogen (ammonium plus nitrate) deposited to ecosystem by precipitation 
Visibility IMPROVE information represents 5-yr average of annual values from 1995-1999: 
   bextClear - measure of light scattering and absorption by particles in the air on an average clear day 
   bextHazy - measure of light scattering and absorption by particles in the air on an average hazy day 
 
 
 
Nitrogen and Sulfur 
Estimates of nitrogen and sulfur deposition for the SCPN are relatively low; however, they are significantly 
elevated over natural estimates of deposition, suggesting that ecosystems are now experiencing higher 
levels of deposition than those they evolved under.  In addition, trend information indicates that nitrogen 
deposition is increasing in parks on the Colorado Plateau; sulfur, while decreasing somewhat, is still 
elevated above natural conditions.   
 
Deposition of sulfur compounds can have an acidifying effect; deposition of nitrogen compounds can 
have either an acidifying or fertilizing effect, or both.  Nitrogen deposition is a particular concern in the 
western U.S.; some ecosystems are very sensitive to low amounts of nitrogen deposition.  Nitrogen has 
been found to cause changes in plant species composition, enhanced growth of invasive species, and as 
a consequence, altered fire regimes (Fenn et al. 2003). 
 
 

http://www2.nature.nps.gov/air/maps/airatlas/index.htm
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Acidification occurs in areas with low-buffering capacity (few available base cations).  Surface waters and 
soils in the SCPN are likely to be well-buffered and, therefore, insensitive to acidification.  However, the 
SCPN network should verify this with its water quality and soil inventories.  For example, in general, acid-
sensitive surface waters have a pH below 6.0 and an acid neutralizing capacity (ANC) below 100 
microequivalents per liter (µeq/l).  However, there may be areas in some units where rock is resistant to 
weathering and soils and water (e.g., in potholes) may be sensitive to inputs of acidic deposition.  
 
Both regional and local air pollution sources affect air quality in the SCPN.  Large sources of nitrogen and 
sulfur compounds include the Navajo (AZ), Four Corners (NM), and Cholla (AZ) power plants, the San 
Juan Generating Station (NM), and the Salt River Project (AZ).  In addition, numerous smaller generating 
stations, compressor plants, and other sources contribute to pollution in the area.  A new coal-burning 
power plant, called Desert Rock, is proposed to be developed near Farmington, NM.  According to the air 
quality/AQRV modeling analysis, emissions from the power plant could have a negative impact on sulfur 
deposition at AZRU, BAND, CACH, CHCU, ELMA, ELMO, GLCA,  HUTR, MEVE, PETR, SAPU, and 
YUHO and on nitrogen deposition at AZRU, BAND, CACH, CHCU, and MEVE.   
 
Visibility-reducing Pollutants 
All units in the SCPN experience reduced visibility to some extent because of fine pollutant particles 
(haze).  As noted above, visibility monitoring is conducted at the four Class I areas in the SCPN, as well 
as several FS areas in the region.   
 
The U.S. Environmental Protection Agency’s Regional Haze regulations require States to establish goals 
for each Class I air quality area to improve visibility on the haziest days and ensure no degradation 
occurs on the clearest days.  An analysis of 1990-1999 data indicates that visibility in Mesa Verde NP is 
degrading on both the clearest and the haziest days.  Visibility in Grand Canyon NP, Bandelier NM, and 
Petrified Forest NP is degrading on the haziest days and staying about the same or improving slightly on 
the clearest days.  
 
The AQRV modeling analysis produced for the proposed Desert Rock power plant near Farmington, NM 
showed the possibility for changes in light extinction at CHCU, GRCA, MEVE, and PEFO of greater than 
5%.   
 
Mercury 
There is growing concern about mercury deposition to the Colorado Plateau, with increasing numbers of 
fish consumption advisories issued because of elevated mercury levels.  The majority of mercury entering 
ecosystems comes from atmospheric deposition, unless there is a nearby mercury source (e.g., certain 
mining operations).  Mercury in deposition comes from a variety of sources, including coal-burning power 
plants, incinerators, recycling plants, and forest fires (which re-emit anthropogenic mercury that has been 
previously deposited).  Mercury in wet deposition has been monitored at one site in the SCPN, Mesa 
Verde NP.  Monitoring in the park started in December 2001 as part of the Mercury Deposition Network 
(MDN).  In 2002, concentrations of mercury in rainfall at MEVE were some of the highest in the country; 
however, because annual rainfall at MEVE was low, annual deposition of mercury was also low.  The high 
concentrations of mercury in rainfall raise concerns for park management, and additional years of data 
are needed to accurately characterize mercury deposition in MEVE.  Because mercury monitoring sites 
are so few, it is not possible to interpolate the data between sites and derive estimates for sites without 
monitoring. 
 
 
Monitoring 
The NPS participates in a number of nationwide air quality monitoring networks, as well as conducting its 
own air quality and visibility monitoring.  Visibility has been monitored as part of the Interagency 
Monitoring of Protected Visual Environments (IMPROVE) network since 1986.  Every IMPROVE site 
deploys aerosol samplers to measure fine aerosols and particulate matter.  Select sites also deploy 
transmissometers and nephelometers to measure light extinction and scattering respectively, as well as 
automatic camera systems to measure the “scene”.  Prior to 1986, the NPS visibility monitoring effort 
consisted of cameras which produced a photographic record of how the view changes under different 

http://vista.cira.colostate.edu/improve/
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weather, sunlight, and air pollution conditions; the use of teleradiometer equipment to measure visibility 
levels in terms of contrast; and a measurement of the particles in the air using particulate samplers and 
laboratory analysis.    Deposition of nitrogen and sulfur compounds in rain and snow (wet deposition) is 
monitored as part of the National Atmospheric Deposition Program/National Trends Network 
(NADP/NTN).  Deposition of nitrogen and sulfur compounds in dryfall (dry deposition) is monitored as part 
of the Clean Air Status and Trends Network (CASTnet).  Ozone is monitored as part of the NPS Gaseous 
Pollutant Monitoring Network (GPMN).  Mercury deposition is monitored as part of the National 
Atmospheric Deposition Program/Mercury Deposition Network (NADP/MDN). 
 
The four SCPN Class I areas are currently conducting monitoring as part of the IMPROVE and 
NADP/NTN networks.  CASTnet and GPMN are currently implemented at Grand Canyon, Mesa Verde 
and Petrified Forest National Parks.  GPMN was in place at Bandelier from 1989 to 1994.  MDN is in 
place at Mesa Verde NP.  Several SCPN Class II areas have had limited visibility monitoring in the past, 
and some passive ozone monitoring is occurring in the network.  In addition, several special studies have 
been conducted in SCPN parks, including WHITEX, MOHAVE, the Intensive IMPROVE Study, and 
focused research projects.  Table J2 shows current and past air quality and visibility monitoring 
conducted in SCPN parks.   
 
In addition to monitoring within SCPN parks, other NPS units, federal, state and tribal agencies conduct 
air quality monitoring on the Colorado Plateau.  See Figure J1 for a map of air quality monitoring sites in 
Arizona, Colorado, New Mexico and Utah.   
 
Monitoring which is currently being conducted in Class I SCPN parks will continue to be the primary air 
quality monitoring for the Southern Colorado Plateau Network.  The air quality vital sign was ranked 
moderate to low by most parks within the network.  Current monitoring, by NPS and other agencies, will 
be used to determine trends for the entire region and to indicate potential problems at parks where no air 
quality monitoring is being conducted. 
 
 
 

http://nadp.sws.uiuc.edu/
http://nadp.sws.uiuc.edu/
http://www.epa.gov/castnet/
http://www2.nature.nps.gov/air/monitoring/network.htm
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Table J2.  Past and current air quality and visibility monitoring in SCPN parks. 

Area Name Location  Id Parameter Category Time Period Years Active 
Current Monitoring Activities 

Meteorological Factors* 10/5/1988-present 15.9 
Rim Fire Tower  5 

Visibiltiy/Haze (IMPROVE v2) 4/1/2000-present 4.4 
Rim Fire Tower - NADP site  6 Wet/Dry Atmospheric Dep. 6/1/1982-present 22.2 

Bandelier NM 

Bosque del Apache NWR1 12 Visibility/Haze 10/1/2002-present 1.9 
Grand View (Passive O3 site) 59 Passive Ozone 5/1/2003-present 1.3 

Meteorological Factors 12/1/1997-present 6.7 
Sulfur Dioxide 12/1/1988-present 15.7 Hance Station 60 
Visibility/Haze (IMPROVE v2) 4/1/2000-present 4.4 

Hopi Point Fire Tower - NADP site 62 Dry/Wet Atmospheric Dep. 8/1/1981-present 23.1 
Meteorological Factors 12/13/1989-present 14.7 
Sulfur Dioxide 3/1/1991-present 13.5 Indian Gardens (Grand Canyon West) 63 
Visibility/Haze  (IMPROVE v2) 7/1/2000-present 4.1 

Indian Gardens (Passive O3 site) 64 Passive Ozone 5/1/2003-present 1.3 
Phantom Ranch (Passive O3 site) 65 Passive Ozone 6/1/2003-present 1.2 
Pierce Ferry (Passive O3 site) 66 Passive Ozone 6/1/2003-present 1.2 
Site No. 02 67 Visibility/Haze 10/1/1979-present 24.9 

Meteorological Factors 12/18/1986-present 17.7 
South Rim 68 

Visibility/Haze 11/1/2001-present 2.8 
Dry Atmospheric Dep. 3/28/1995-present 9.4 
Meteorological Factors 8/1/1989-present† 15.1 The Abyss 69 
Ozone 8/1/1989-present 15.1 

Grand Canyon 
NP 

The Abyss (Passive O3 site) 70 Passive Ozone 5/1/2003-present 1.3 
Dry Atmospheric Dep. 1/10/1995-present 9.6 
Meteorological Factors 4/1/1993-present 11.4 Resource  Management Area (Maintenance Yard) 84 
Ozone 3/1/1993-present 11.5 

Resource Management Area - IMPROVE site 85 Visibility/Haze (IMPROVE v2) 4/1/2000-present 4.4 
Dry/ Wet Atmospheric Dep. 4/1/1981-present 23.4 

Mesa Verde NP 

Resource Management Area - NADP site 86 Dry/ Wet Atmospheric Dep. plus 
mercury 12/1/2001-present 2.7 
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Area Name Location  Id Parameter Category Time Period Years Active 

1 mile N of Park Headquarters 101 Visibility/Haze (IMPROVE v2) 4/1/2000-present 4.4 
Dry Atmospheric Dep. 10/1/2002-present 1.9 
Meteorological Factors 10/1/2002-present 1.9 Horse Barn 102 
Ozone 10/1/2002-present 1.9 

Horse Barn visibility site 103 Meteorological Factors 11/1/2003-present 0.8 
Rainbow Forest 104 Dry/ Wet Atmospheric Dep. 12/1/2002-present 1.7 

Petrified Forest 
NP 

Site No. 02 105 Meteorological Factors 7/1/1987-present 17.1 

Past Monitoring Activities 
Meteorological Factors 10/2/1982--2/9/1985 2.4 
Sulfur Dioxide 3/1/1988--1/25/1992 3.9 
Visibility/Haze 7/29/1978--4/30/1995‡ 16.8 

Rim Fire Tower 5 

Visibility/Haze (IMPROVE A-D) 3/1/1988--4/1/2000 12.1 
Meteorological Factors 4/19/1990--12/31/1993† 3.7 
Nitrogen Dioxide 9/1/1990--12/1/1993 3.3 
Ozone 10/1/1989--12/1/1994 5.2 

Bandelier 
National 
Monument 

Site No. 01 7 

Sulfur Dioxide 5/1/1990--12/31/1993 3.7 
Visibility/Haze 8/1/1978--12/2/1991‡ 13.3 
Dry Atmospheric Dep. 4/1/1989--9/1/1992 3.4 
Meteorological Factors 4/1/1989--9/1/1992 3.4 

Pueblo Alto Ruins 34 

Ozone 4/1/1989--9/1/1992 3.4 
Meteorological Factors 6/8/1982--1/1/1999† 16.6 
Sulfur Dioxide 3/1/1991--7/5/1995 4.3 
Visibility/Haze 7/13/1983--6/12/1986‡ 2.9 

Entrance Station 36 

Visibility/Haze (IMPROVE A-D) 3/1/1988--4/1/2000 12.1 
New Location (1/99) 38 Meteorological Factors 1/1/1999--7/1/2001 2.5 
New location (7/01) 39 Meteorological Factors 7/1/2001--12/1/2003 2.4 

Chaco Culture 
National Historic 
Park 

Site No. 02 40 Visibility/Haze 6/1/1981--4/1/1995‡ 13.8 
Passive O3 site IV 48 Passive Ozone 7/1/1996--7/1/2002 6 
Sunset Crater Volcano 49 Passive Ozone 7/1/1996--7/1/2002 6 
Walnut Creek 50 Passive Ozone 7/1/1996--7/1/2002 6 

Flagstaff Cluster 

Wupatki 51 Passive Ozone 7/1/1996--7/1/2002 6 
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Area Name Location ID Parameter Category Time Period Years Active 
Glen Canyon 
National 
Recreation Area 

Site No. 01 55 Visibility/Haze 3/30/1984--4/10/1992‡ 8 

Meteorological Factors 5/1/2003--10/1/2003 0.4 
Grand Canyon - portable 58 

Portable Ozone 5/1/2003--10/1/2003 0.4 
Hance Station 60 Visibility/Haze (IMPROVE A-D) 8/1/1997--4/1/2000 2.7 

Meteorological Factors 8/3/1979--11/28/1987† 8.3 
Hopi Point Fire Tower 61 

Visibility/Haze (IMPROVE A-D) 3/1/1988--8/1/1998 10.4 
Indian Gardens (Grand Canyon West) 63 Visibility/Haze (IMPROVE A-D) 10/4/1989--5/1/2000 10.6 
Site No. 02 67 Visibility/Haze 7/1/1978--2/28/1987‡ 8.7 

Meteorological Factors 8/1/1989--3/31/1995 5.7 
7/1/1981--9/30/1981 0.2 

Grand Canyon 
National Park 

The Abyss 69 
Ozone 

4/1/1983--11/30/1983 0.7 
Far View Visitor Center 83 Visibility/Haze 7/25/1978--4/14/1995‡ 16.7 

10/30/1982--12/5/1987† 5.2 
Resource  Management Area (Maintenance Yard) 84 Meteorological Factors 

4/1/1993--10/31/1994 1.6 
Sulfur Dioxide 7/1/1993--7/1/1995 2 

Resource Management Area - IMPROVE site 85 
Visibility/Haze (IMPROVE A-D) 3/1/1988--4/1/2000 12.1 

Mesa Verde 
National Park 

Site No. 03 87 Meteorological Factors 9/15/1988--7/28/1993 4.9 
Navajo National 
Monument Water Tower 93 Visibility/Haze 8/24/1978--5/27/1986‡ 7.8 

7/30/1979--8/31/1981 2.1 
Meteorological Factors 

11/1/1986--1/31/1992† 5.1 
Ozone 4/1/1987--1/31/1992 4.8 
Sulfur Dioxide 3/1/1988--3/20/1993 5.1 
Visibility/Haze 8/15/1986--4/10/1995‡ 8.7 

1 mile N of Park Headquarters 101 

Visibility/Haze (IMPROVE A-D) 3/1/1988--4/1/2000 12.1 
Site No. 02 117 Visibility/Haze 6/22/1980--9/7/1985‡ 5.3 

Petrified Forest 
National Park 

Site No. 03 118 Visibility/Haze 10/25/1985--1/21/1995‡ 9.2 
Wupatki National 
Monument Cinderhill Visitor Center 144 Visibility/Haze 8/1/1978--9/30/1982 4.2 

 
* Meteorological factors may include dew point, extinction coefficient, humidity, precipitation, solar radiation, wind direction, wind speed.   Not all factors are measured at all sites 
† This time period represents the cumulative amount of time that meteorological factors were measured; not all factors were measured the entire time period. 
‡This parameter was being monitored in some way throughout this time period, although different techniques may have been used. 
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Figure J1.  Air quality monitoring locations in or near to SCPN parks.  For detailed information about 
park based air quality monitoring, see Table J1. 
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Relevant Websites  
NPS Air Inventory (Air Atlas) - http://www2.nature.nps.gov/ard/gas/airatlas-du/viewer_index.htm 
Air Resources Information System (ARIS) - http://www2.nature.nps.gov/air/Permits/ARIS/index.htm 
NADP - http://nadp.sws.uiuc.edu/ 
CASTNet - http://www.epa.gov/castnet/ 
IMPROVE - http://vista.cira.colostate.edu/improve/ 
NPS Ozone Monitoring Data - http://www2.nature.nps.gov/ard/gas/netdata1.htm 
Ozone - http://www.epa.gov/air/data/index.html 
Mercury - http://nadp.sws.uiuc.edu/mdn 
Passive Ozone Monitoring - http://www2.nature.nps.gov/ard/gas/passives.htm 
 

http://www2.nature.nps.gov/air/maps/AirAtlas/index.htm
http://www2.nature.nps.gov/air/Permits/ARIS/index.htm
http://nadp.sws.uiuc.edu
http://www.epa.gov/castnet/
http://vista.cira.colostate.edu/improve/
http://www2.nature.nps.gov/air/data/index.htm
http://www.epa.gov/air/data/index.html
http://nadp.sws.uiuc.edu/mdn/
http://www2.nature.nps.gov/air/studies/passives.htm
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Appendix K:  Topical Workshops:  Sample Agenda and Forms 
 

Agenda 
NPS, Southern Colorado Plateau I&M Network  

Landscape Pattern and Land Use Change Workshop  
March 9 and 10, 2004  

Courtyard Marriott, Farmington, New Mexico  
 
Tuesday, March 9  
 
Introductions Lauver/All 8:15 – 8:20  
 
Workshop Objectives and Program Overview  Lauver 8:20 – 9:00  
 Questions/Discussion  
 
Park Resources/Issues relating to Workshop Topic  Tancreto 9:00 – 9:30 
 Questions/Discussion   
 
Break    9:30 – 9:45 
 
An Ecological Approach to Monitoring Change Lauver 9:45 – 10:05 
 Around Protected Areas (from Andy Hansen) 
 
Vital Signs Selection Process; Results from Lauver 10:05 – 10:30 
 Previous workshops; Discussion   
 
Workshop Task #1 (working individually):   
      Generating Candidate Vital Signs   10:30 – 11:45 
 
Lunch    11:45 – 1:00 
 
Workshop Task #2 (working as a group):     1:00 – 3:00 
 Review the List of Vital Signs (Define signs, 

restate/clarify similar ideas, assess 
specificity, reduce list if necessary)  

 
Break   3:00 – 3:15 
 
Criteria for Vital Signs Evaluation; Vital Sign Sets Lauver 3:15 – 3:45  
 Discussion   
 
Workshop Task #3 (working individually):    3:45 – 5:00 
 Evaluate Candidate Vital Signs and 

Propose Candidate Sets; Turn in all forms 
 
Adjourn for the Day  
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NPS, Southern Colorado Plateau I&M Network  
Landscape Pattern and Land Use Change Workshop  

March 9 and 10, 2004  
Courtyard Marriott, Farmington, New Mexico  

 
Wednesday, March 10  
 
Present Results of Vital Sign Rankings and Sets  8:30 – 9:30 
 Discussion 
 
Workshop Task #4 (working as a group)  9:30 – 10:00 
 Discuss which data are best suited to monitor vital signs, 
 desired scales, and potential measures 
 
Break    10:00 – 10:15 
 
Continue Discussion of Task #4  10:15 – 11:45 
 
Lunch   11:45 – 1:00 
 
Workshop Task #5 (working as a group)  1:00 – 2:45 
 Discuss monitoring questions for key vital signs 
 and identify key challenges 
 
Wrap-up and Conclude  2:45 – 3:00 
 
 
 
 
 
List of Participants 
 
Sam Drake, AZ Remote Sensing Center, UA 
Mark Drummond, USGS 
Brad Reed, USGS 
Dave Theobald, Colorado State University 
Kathryn Thomas, USGS 
Allan Loy, National Park Service 
Mike Medrano, National Park Service 
Steve Mietz, National Park Service 
Chris Lauver, National Park Service 
Nicole Tancreto, National Park Service 
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Nomination Form 
Nominator:   Workshop:  Landscape Pattern 

 
 

SCPN Vital Signs -  Nomination Form 
 
Candidate Vital Sign:  
 
 
Vital Sign Category  
(check the most appropriate category): 
 
 
 
 
 
 
Description / Definition:   
 
 
 
 
 
 
 
 
 
Level of spatial and temporal resolution, and extent (check appropriate levels): 

 
  

 
 
 
Related Stressors: 
 
 
 
Monitoring questions addressed: 
 
 
 
 
 
Why is this vital sign important? 

Vegetation   
Land use / Land cover   
Human Demography / Stressors   
Upland Soil / Water Function   
Stream / Wetland Hydrologic / 
Geomorphologic Function   
Disturbance (fire, extreme climate events)   
Other   

Desired Minimum 
Spatial Resolution   

 < 1m   
5 m   

10 m   
30 m   
100 m   
250 m   
1 km   

Desired Temporal 
Scale of Product   

Daily   
Monthly   
Seasonally   
Annually   
Every 5 years   
Every 10-15 years   
    

Scope (Extent)   
Patches w/in a Park   
Park only   
Park + Buffer Area   
Primarily outside Park   
Network-wide   
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Workshop Vital Signs Evaluation Form 
SCPN Vital Sign Evaluation Criteria

Vital Signs that are physical drivers

Vital Signs that are ecosystem components/processes or stressors

Ecological and Management 
Significance
•is a central driver of ecosystem 
dynamics.
•will support monitoring and 
interpretation of results related to 
other ecosystem components and/or 
processes.
•will contribute to larger, 
collaborative efforts to understand 
ecosystem dynamics and/or trends 
in resource condition.

Y S N

Comments:

Ecological Significance
•reflects or influences an important ecosystem component or key characteristic of 
ecosystem integrity.
•has a demonstrated link with the ecological function or critical resource it is 
intended to represent or affect.
•integrates ecosystem stresses over space and time, or is an overall indicator of 
ecosystem condition.

Comments:

Y S N

Comments:Data Utility and Application
•displays a high signal to noise ratio (likely to detect ecologically significant changes within a 
reasonable timeframe).
•is responsive to stressors and/or sensitive to change in the condition of related resources.
•produces results that are interpretable and are easily communicated and understood by 
scientists, policy makers, managers and the public.
•is linked to multiple monitoring questions or ecosystem structure/function components.

Y S N

Vital Sign:

Evaluator:  

Y = Yes; S= Somewhat; N = No

Feasibility and Cost of Implementation
•monitoring methods are well-documented (or are feasible to develop).
•relatively cost-effective to monitor (consider sampling complexity, frequency & extent).
•logistical requirements of monitoring can be met feasibly.

Y S N Comments:

Management Significance
•has high management importance relative to other resources and/or resource 
concerns or issues.
•its information has great potential to support management decisions and/or 
influence outside decisions.
•is anticipatory of changes in resource or ecosystem condition or integrity.

Comments:

Y S N
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Workshop Sets Selection Form 
Workshop:  Evaluator:  

 
 

SCPN Form to Select Sets of Vital Signs  
 

Directions:  Please list, in order of priority from highest to lowest, the following 3 sets of vital signs: 
 

• The most important vital sign to monitor. 

• The best set of 3 vital signs. 

• The best set of 5 vital signs. 
 
In composing your sets, please consider the following criteria: 

 
1) The set of monitoring vital signs are complimentary in their information content. 
2) The vital signs span a range of spatial scales, temporal scales (e.g., slow, moderate and fast 

response times) and ecological levels. 
3) The set of vital signs includes effects-oriented monitoring of key resources and 

ecosystems,stressor-oriented monitoring to address high priority threats, and effectiveness 
monitoring to measure progress toward meeting performance goals. 

 
 

TOP VITAL SIGN TO MONITOR: 
 
 
 
 
TOP 3 VITAL SIGNS: 
 
1)         
 
2)    
 
3)   
 
 
TOP 5 VITAL SIGNS: 
 
1)   
 
2)   
 
3) 
 
4) 
 
5) 
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Appendix L:  Topical Workshop Summaries 
Terrestrial Montane and Subalpine Ecosystems 
Date:  February 18-19, 2004 
Location:  Sevilleta LTER Field Station, New Mexico 
 
Participants:      Organizers/Participants: 
Craig Allen, USGS                        Chris Lauver, NPS/SCPN 
Dan Binkley, Colorado State University   John Vankat, NPS 
Jim Gosz, University of New Mexico   Lisa Thomas, NPS/SCPN 
Joy Mast, Carthage College    
Bill Romme, Colorado State University   Data Managers / Notetakers:  
Kara Leonard, NPS/Grand Canyon   Nicole Tancreto, NPS/SCPN 
George San Miguel, NPS/Mesa Verde Julie Atkins, NAU/SCPN 
Anne Cully, NPS/SCPN 
 
BACKGROUND 
With a mix of science experts, NPS resource managers, and I&M network staff, a 2-day workshop was 
held to determine a prioritized list of candidate vital signs to be used to monitor terrestrial montane 
ecosystems in the SCP network.  The workshop was held concurrently with a workshop on terrestrial 
dryland ecosystems.  The two groups first met as a combined group to discuss workshop objectives and 
common resources and management issues related to parks in the network, then met in separate groups 
to generate a prioritized listing of vital signs, and finally met together again to compare and discuss the 
results from each workshop. 
 
Workshop Objectives 
The specific objectives of the workshop were: 1) to develop a priority listing of the most important  vital 
signs to monitor within the terrestrial montane ecosystems across the SCPN park units; and 2) to develop 
group recommendations regarding monitoring emphasis among the major montane ecosystems.   
 
Workshop Scope 
This workshop is one in a series to identify and evaluate vital signs for monitoring across SCPN parks.  
The montane/subalpine group considered the following ecosystems:  Ponderosa Pine, mixed conifer, and 
spruce-fir forests, montane shrubland, and montane-subalpine grassland.  The workshop included 
discussion of the biotic integrity of the predominant and unique plant communities, disturbance regimes, 
upland soil stability and hydrologic function, and the effects of anthropogenic stressors.   
 
WORKSHOP RESULTS 
 
Vital Sign List (Table 1):  Working individually, the group initially nominated 28 candidate vital signs.  
Several of these involved land and vegetation cover at the landscape scale and were combined to form a 
multiscale vegetation cover and structure sign that was (with further discussion) split into 3 signs at 
different scales (regional, landscape, and plot-scale).  Several initial signs also involved fire patterns and 
fire effects that were combined into a single sign.  Other signs within the biotic integrity category that 
pertained to vegetation were decided to be already covered by the landscape-scale detailed vegetation 
cover sign.  A few signs pertaining to animal populations were combined.  Upon inspection of the entire 
list and with group discussion, two signs (recreation impacts and air pollution) that had not been 
nominated by an individual were added to the list.  Overall, this discussion, refinement, and combining of 
the initial list of 28 signs reduced the list to 14 vital signs (with at least 1 sign retained in each category).  
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Table 1.  List of 14 candidate vital signs nominated by the terrestrial montane/subalpine group. 
Category Candidate Vital Sign 

Weather and Climate Local climate patterns  
Landscape Pattern Vegetation vigor / mortality 
Landscape Pattern Regional land cover 
Landscape Pattern Detailed vegetation cover 
Landscape Pattern - 
Disturbance Insect outbreaks and occurrence patterns 
Disturbance Regimes Fire patterns (frequency, extent, seasonality, severity, and effects) 
Upland Soil, Water and 
Nutrient Dynamics Water quality (sediment, nitrate, conductivity, flow regime) 

Biotic Integrity 
Vertebrate population dynamics of species that harbor human and 
wildlife diseases 

Biotic Integrity 
Major animal populations that impact vegetation (ungulates, 
beavers, predators) 

Biotic Integrity Plot-scale vegetation composition and structure 

Biotic Integrity 
Populations of species (all taxa) tied to major plant communities 
(indicators) 

Stressors Invasive species (plants and animals) 
Stressors Recreation and impacts resulting from management 
Stressors Air pollution 

 
 
Vital Sign Ranking (Tables 2 and 3):  Climate, fire, and vital signs relating to vegetation dominated the 
most highly ranked signs.  Eleven of the 14 signs received relatively high scores (i.e., above 7).  The 
three lowest scores (ranging from 4.8 to 5.9) included two stressors (air pollution, and recreation / 
management impacts), and an animal-related sign (vertebrate population dynamics of disease-related 
species).  The highest scoring stressor was invasive species, and the highest animal-related vital sign 
was for animal populations that impact vegetation.  Insect outbreaks, water quality, and indicator species 
tied to major plant communities scored at the low end of the mid-range. 
 
Vital Sign Sets (Table 4): The vital sign set results largely mirrors those presented in Tables 2 and 3 and 
discussed above.  Contrary to the ranking process, participants were not constrained in picking these 
sets, and thus the set results could be viewed as an independent validation of the ranking process.  
Detailed vegetation cover was the vital sign that was selected the most often as the single, most 
important sign to monitor, and was the sign picked most often to be part of any set.  Climate and other 
vegetation-related signs were the only other signs to be picked as the most important sign to monitor.  
Fire patterns was the sign most selected for the top 3 and top 5 sets, and was second only to detailed 
vegetation cover in the number of times selected overall.  Aside from the dominance of vegetation, fire, 
and climate signs; invasive species (highest selected stressor), indicator species tied to major plant 
communities, and water quality were deemed to be important members of the sets.  Other signs receiving 
1 vote each included animal populations that impact vegetation, insect outbreaks, and air pollution.   
 
Discussion Summary:  Ecosystem Susceptibility and Monitoring Emphasis 
A summary of the written responses by participants reveals that the ponderosa pine forest generally has 
the lowest inherent resistance/resilience of the 5 montane ecosystems, followed closely by the mixed 
conifer forest, then montane grassland and the spruce-fir forest, with montane shrubland rated with 
generally high resistance (Table 5).  The relative ranking of exposure to anthropogenic stressors 
generally follows this same order (with ponderosa pine forest ranked as high and montane shrubland 
mostly low).  Fire suppression was the primary stressor; other stressors included elk browsing, insects, 
human activity (related to stands located in the wildland-urban interface), and possibly air pollution (may 
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become increasingly important in the future).  The montane shrubland and spruce-fir forests were ranked 
as in generally good condition, with variable responses on current conditions for the other ecosystems.  A 
listing of the vital signs to emphasize aligned with the results presented in Tables 2 through 4, and 
included fire patterns, vegetation at the landscape scale (detailed cover) and the plot scale, vegetation 
vigor, and climate.  Additionally, insects and animal populations (such as elk) were listed as important 
signs to monitor.  Some park-specific information is presented in Table 5, with an emphasis to monitor 
unique stands and (in general) the full extent of these systems within NPS units given their limited 
distribution and vulnerability to change as a consequence of climate change and changes in their natural 
disturbance regimes. 
 
  
Candidate Vital Sign Descriptions 
 
Local climate patterns:  Characterizes localized precipitation and temperature patterns; compare to 
historical range of variability and look for “unusual” drought intensity/duration or hot/cold periods; winter 
precipitation is particularly important with respect to soil moisture conditions and vegetation (tree) 
establishment, survival, and vulnerability to fire.  
 
Vegetation vigor / mortality:  Characterizes the vigor (or greenness) of vegetation.  This includes 
identifying vegetation under stress from climate (drought), pests, and human influences, and areas with 
high vegetation mortality.  Data sources are largely remotely sensed to monitor landscape patterns; plot-
based data are used to validate these patterns and to identify the causes/mechanisms of species under 
stress, decline, or mortality.  (This sign is largely equivalent to Vegetation productivity/phenology, 
nominated from the Terrestrial Arid/Semi-arid ecosystems workshop.)  
 
Regional land cover:  Describes land cover patterns at landscape/coarse spatial scale with high 
repeatability (e.g., monthly or seasonal temporal scale).  Requires use of remotely sensed data.  
Characterizes changes in landscape context (e.g., habitat fragmentation and connectivity) and adjoining 
land use patterns for areas surrounding NPS park units.  (This sign is being merged with the Surrounding 
land use sign (from the Terrestrial Arid/Semi-arid ecosystems workshop) to create a common vital sign:  
Land use / Land cover.)  
 
Detailed vegetation cover:  Describes vegetation cover patterns at a high spatial resolution with low to 
intermediate repeatability (e.g., detailed vegetation maps updated every 10-15 years).  Includes an 
emphasis on monitoring ecotones (e.g., tree invasion into grasslands), rare habitats (mostly small 
patches), and landscape/vegetation structure (e.g., patterns of vegetation heterogeneity).  Linked to both 
regional land cover and plot-based vegetation composition and structure signs.    
 
Insect outbreaks and occurrence patterns:  Describes the location, extent, and severity of insect pest 
outbreaks.  Relate to resulting decreased health/vigor of forest tree species; focus on bark beetles and 
defoliators.  This sign related to vegetation vigor/mortality sign. 
 
Fire patterns:  Describes the location, frequency, extent, seasonality, and severity of fire (tracks the 
spatial and temporal patterns of fire and fire severity patterns).  This includes monitoring the effects of fire 
(with respect to historical range of variability) or lack of fire in light of current and historical forest 
ecosystem dynamics (e.g., identify uncharacteristic features of current fire regimes; identify areas with 
high fire vulnerability).  Related to climate and vegetation signs described above.  (This sign is equivalent 
to the Fire occurrence patterns vital sign, from the Terrestrial Arid/Semi-arid ecosystems workshop). 
 
Water quality:  Describes characteristics of water quality within streams and groundwater, including 
nitrate and sediment levels, conductivity, and flow regimes.  Changes in these characteristics can be 
related to changes in the nutrient status of ecosystems; these changes may occur as a result of climate 
dynamics, air pollution, and disturbances to dominant vegetation. 
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Vertebrate population dynamics of species that harbor human and wildlife diseases:  Tracks 
populations of vertebrate species that harbor human diseases (e.g., plague in rodents) and wildlife 
diseases (e.g., chronic wasting disease in deer and elk).  Objective is to monitor major faunal vectors for 
disease.   
   
Major animal populations that impact vegetation:  Tracks populations of animals (e.g., beavers, 
ungulates, predators) that can cause changes to vegetation structure and composition.  Monitors these 
populations to detect, for example, when an “unusually” high population may signal a notable change in 
vegetation is likely.  
 
Plot-scale vegetation composition and structure:  Describes small-patch and local scale current 
conditions of vegetation composition and structure, and tracks changes in these conditions over time 
because of changes in climate, fire regimes, insects, browsers, or other disturbances.  Provides important 
ground-truth data to inform/interpret vegetation signs (and others) at the landscape level.     
Populations of species tied to major plant communities (indicators):   Tracks the population 
dynamics of species (plants and animals) linked to major plant communities; monitoring trends in these 
populations could indicate changes occurring in vegetation structure, composition, and vigor.   
 
Invasive species:  Describes the location, extent, and trends of invasive species (mostly plants, but 
includes animals) that have the capacity to alter important ecosystem processes (e.g., fire regimes) and 
ecosystem structure.  Examples include cheatgrass and tamarisk, contributing to more frequent or more 
severe fires that are outside of historical range of variability.  Does not include species such as Kentucky 
bluegrass which has become “naturalized” and may have little (system-wide) impact. 
 
Recreation and impacts resulting from management:  Describes the location, extent, type of 
disturbance, and trends in impacts from concentrated and dispersed recreation, and impacts resulting 
from NPS (internal) management and development.  Monitoring may include tracking changes in ground 
cover and altered vegetation structure and composition.   
 
Air pollution:  Describes the location, extent, severity, and trends in air pollution, which affects natural 
and cultural resources through impaired visibility and threats to biotic health.  Monitoring may include 
tracking tissue damage in major plant species (forest trees). 
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Table 2.  Prioritized list (with scores scaled to 10) of candidate vital signs from two sets of 
evaluation criteria, and their averages. 

 

Vital Sign 
Average Ecological 
Significance Score 

Average Management 
Significance Score 

Average of Ecol. 
and Mgmt. Sign. 

Scores 
Fire patterns 10.0 10.0 10.0 
Local climate patterns 10.0 10.0 10.0 
Detailed vegetation cover 10.0 9.1 9.5 
Plot-scale vegetation 
composition and structure 9.3 8.7 9.0 
Vegetation vigor / mortality 9.1 8.0 8.5 
Invasive species 8.5 8.5 8.5 
Regional land cover 8.9 7.6 8.2 
Animal populations that impact 
vegetation 7.8 7.6 7.7 
Populations of species tied to 
major plant communities 8.5 6.3 7.4 
Insect outbreaks and 
occurrence patterns 7.4 7.4 7.4 
Water quality 7.8 6.9 7.3 
Air pollution 4.8 5.9 5.4 
Vertebrate population 
dynamics (disease-oriented) 4.4 5.4 4.9 
Recreation and impacts 
resulting from management 3.5 6.1 4.8 
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Table 3.  Prioritized list (with final scores scaled to 10) of candidate vital signs, generated by the 
additive scores from four sets of weighted evaluation criteria.    

Vital Sign 

Weighted 
Ecological 

Significance* 

Weighted 
Management 
Significance* 

Weighted 
Feasibility & Cost 

of 
Implementation* 

Weighted Data 
Utility and 

Application* 
Final 
Score 

Local climate 
patterns 3.50 3.50 1.45 0.99 9.45 
Fire patterns 3.50 3.50 1.15 1.29 9.45 
Detailed 
vegetation 
cover 3.50 3.15 1.13 1.35 9.13 
Plot-scale 
vegetation 
composition 
and structure 3.27 3.09 1.10 1.28 8.73 
Vegetation 
vigor / 
mortality 3.21 2.74 1.03 1.18 8.16 
Regional land 
cover 3.03 2.57 1.30 1.18 8.08 
Invasive 
species 2.98 2.98 0.98 1.13 8.05 
Animal 
populations 
that impact 
vegetation 2.74 2.68 1.08 1.20 7.70 
Insect 
outbreaks and 
occurrence 
patterns 2.63 2.63 1.13 1.14 7.52 
Water quality 2.80 2.28 1.23 1.05 7.35 
Populations of 
species tied to 
major plant 
communities 3.03 2.28 0.93 1.11 7.34 
Air pollution 1.81 2.10 1.23 0.81 5.94 
Recreation 
and impacts 
resulting from 
management 1.34 2.10 1.00 0.79 5.23 
Vertebrate 
population 
dynamics 
(disease-
oriented) 1.40 1.93 1.03 0.81 5.16 

* The criteria from each set were initially scaled to 10, and then the following weightings were applied: for 
ecological and management significance, 35% each (maximum score = 3.5); for feasibility and cost of 
implementation, and data utility and application, 15% each (maximum score = 1.5). 
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Table 4.  Results from all participants showing the number of times a vital sign was picked as the 
single, most important sign, or as part of the top 3 or top 5 signs, and total number of times 
picked in any set (1, 3, or 5).  

# of times 

Vital Sign 
picked for 

Top 1 
picked for 

Top 3 
picked for 

Top 5 
included 
in a set 

Detailed vegetation cover 3 5 7 15 
Local climate patterns 2 4 5 11 
Plot-scale vegetation composition and 
structure 1 3 4 8 
Regional land cover 1 2 4 7 
Vegetation vigor / mortality 1 2 3 6 
Fire patterns (frequency, extent, 
seasonality, severity and effects)  6 8 14 
Invasive species  1 2 3 
Populations of species tied to major plant 
communities  1 1 2 
Water quality   3 3 
Animal populations that impact vegetation   1 1 
Insect outbreaks and occurrence patterns   1 1 
Air pollution   1 1 
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Table 5.  Summary of comments from participants (by ecosystem) related to ecosystem resistance, exposure to stressors, current 
conditions, vital signs to emphasize, and park-specific information. 

Ecosystem 

Inherent 
resistance / 
resilience 

Exposure to 
anthropogenic 

stressors 
Current ecosystem 

condition 
Vital Signs to 
Emphasize 

Other factors or 
comments 

Ponderosa 
Pine Forest 

Currently, low to 
moderate with 
changes to 
historical fire 
regime, climate; 
sensitive to 
changes in fire 
regime & climate 

High:  Fire suppression; 
Human activity 
(wildland-urban 
interface); Bark beetle 
link to fire suppression? 
Air pollution? 

Variable (by park); 
poor to good; 
vulnerable to 
uncharacteristically 
severe and large fire 
over much of its 
range 

Fire patterns 
Plot-scale vegetation 
Detailed veg cover 
Vegetation vigor 
Climate 
Invasive species 
Insects 
Regional land cover 

Different situations 
across network (bonsai, 
lava flows, doghair 
stands); focus on 
monitoring old growth; 
landscape context is 
critical (near dense 
forests? etc.) 

Mixed 
Conifer 
Forest 

Moderate/variable 
(previously high; 
now low to mod (to 
high)); high degree 
of natural 
variability in 
structure and 
dynamics 

Moderate (to high): 
Fire suppression 
Human activity 
Elk effects (on aspen) 

Variable (mostly fair 
to poor); increasing in 
unnatural homo-
geneity; lacks post-
fire seral stages; 
difficult to reintroduce 
fire   

Detailed veg cover 
Plot-scale vegetation 
Fire patterns 
Vegetation vigor 
Insects 
Climate 
Animal populations 

Parks (GC, Bandelier, 
Mesa Verde, Navajo); 
mostly small part of 
NPS unit; landscape 
context is critical 
(borders USFS lands); 
system in need of most 
research 

Spruce-Fir 
Forest 

Moderate to high 
resistance; low 
resilience or slow 
to recover and 
uncertain with 
climate change; 
less impact of fire 
suppression b/c of 
low fire return 
intervals 

Mostly low (to mod): 
Less impact of fire 
suppression, but 
vulnerable to global 
warming b/c of small 
extent  
Elk, invasive species, 
insects 
Pollution in future? 

Mostly in good 
condition (better than 
most) at stand and 
landscape levels; 
contains low % of 
early seral, but this 
may be within historic 
range of variability  

Detailed veg cover 
Climate 
Vegetation vigor 
Fire patterns 
Plot-scale vegetation 
Animal populations 

Limited extent in NPS 
units:  present in Grand 
Canyon (North Rim), 
Bandelier (on 
boundary), and Navajo 
(relict); b/c of limited 
extent, potential for loss 
within these units due to 
natural/human 
disturbances (fire, global 
warming).   
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Ecosystem 

Inherent 
resistance / 
resilience 

Exposure to 
anthropogenic 

stressors 
Current ecosystem 

condition 
Vital Signs to 
Emphasize 

Other factors or 
comments 

Montane 
Shrubland 

Generally high (b/c 
of resprouting 
abilities) 

Mostly low (to 
moderate): 
Fire (some in 
wildland/urban 
interface);  
invasive species 

Generally in good 
condition (better than 
most) 
 
(fire regime out of 
whack?) 

Detailed veg cover 
Plot-scale vegetation 
Fire patterns 
(shrubland may be 
increasing at expense of 
other veg types; watch 
for PJ/shrubland 
transitions) 

At Mesa Verde 

Montane 
Grassland 

Variable responses 
(low to high); 
subtle shifts in 
climate or fire 
regime may 
contribute to tree 
invasion 

Moderate to high: 
 
Fire suppression 

Variable (poor to 
good) 
 
In decline because of 
tree invasion 

Detailed veg cover 
Plot-scale vegetation 
Fire patterns 
Climate 
Invasive species 
 

At Grand Canyon (North 
Rim) 
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Terrestrial Dryland Ecosystems 
Date:  February 18-19, 2004 
Location:  Sevilleta LTER Research Station 

 
Participants:  Organizers/Participants 
Dr. Jayne Belnap, USGS  Dr. Mark Miller, USGS/BRD 
Dr. David Breshears, Los Alamos  Lisa Thomas, NPS/SCPN 
 National Laboratory   
Dr. Neil Cobb, Merriam-Powell Center  Data Managers/Notetakers: 
 for Environmental Research Nicole Tancreto NPS/SCPN 
Dr. Lisa Floyd-Hanna, Prescott College  Julie Atkins, NAU/SCPN 
Dr. Marion Reid, NatureServe   
Brian Jacobs, NPS/Bandelier NM 
George San Miguel, NPS/Mesa Verde NP 
John Spence, NPS/Glen Canyon NRA  
 
 
BACKGROUND 
A group of science experts, NPS resource managers, and I&M network staff, met for a 2-day 
workshop to develop a prioritized list of candidate vital signs to be used to monitor terrestrial dryland 
ecosystems in the SCP network.  The workshop was held concurrently with a workshop on montane 
ecosystems.  The two groups first met together to discuss workshop objectives and common 
resources and management issues related to parks in the network, then met in separate groups to 
generate a prioritized listing of vital signs, and finally met together again to compare and discuss the 
results from each workshop. 
 
Workshop Scope:   This workshop is one in a series to identify and evaluate vital signs for 
monitoring across SCPN parks.  The dryland ecosystems group considered: 1) pinyon-juniper 
woodlands, 2) shrublands and grasslands/steppe with significant natural fire, 3) shrublands and 
grasslands with insignificant natural fire (e.g. blackbrush, saltbrush & greasewood shrublands), and 4) 
sparsely vegetated canyon & tableland, badlands, dunes, volcanic rock and cinder lands.  The 
workshop included discussion of upland soil stability and hydrologic function, biotic integrity of the 
predominant plant communities, ecosystems drivers, disturbance regimes, and the effects of 
anthropogenic stressors.  
 
WORKSHOP RESULTS  
 
Evaluating Candidate Vital Signs 
Following an overview of the NPS I&M program and SCP network, Mark Miller presented a summary 
of the literature review and ecosystem conceptual models he developed for SCPN/NCPN Dryland 
Ecosystems.  There was some discussion of the utility of state and transition models and the potential 
for monitoring threshold conditions as a means of providing early warning of irreversible system 
change.    
 
After the individual nomination process, the first round of discussion reduced the list to 28 candidate 
vital signs.  Further discussion and refinement resulted in a list of 24 candidates (Table 6). 
 
We used the workgroup’s mean scores for each candidate vital sign in a two-step evaluation process.  
In the first step, we used the criteria for ecological and management significance to identify the most 
important vital signs (Table 7).  The proposed vital signs with the lowest mean scores for these 
criteria were eliminated from further consideration. 
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In the second step, we used the scores from all four criteria areas (ecological significance, 
management significance, feasibility and cost of implementation, and data utility and application) to 
evaluate the candidate vital signs (Table 8).  Participants were also asked to select the single most 
important vital sign, the top 3 signs, and the top 5 signs that they would choose to monitor (Table 9).   
 
Discussion Summary:  Ecosystem Susceptibility and Monitoring Emphasis  
The intent of this discussion was to explore which dryland ecosystems should receive the greatest 
and least monitoring emphasis, and why?  We also wanted feedback on which vital signs are 
important across all dryland ecosystems and which should be emphasized within particular systems.   
We proposed using ecosystem susceptibility to degradational processes as an approach to the 
discussion, and identified three factors that affect susceptibility; 1) inherent ecosystem characteristics 
that determine ecosystem resistance and resilience to natural disturbances and stressors, 2) 
ecosystem exposure to anthropogenic stressors that drive degradational processes, and 3) 
ecosystem condition – the functional status of ecological processes required to sustain the 
ecosystem.   
 
Marion Reid gave an overview of the NatureServe effort to develop a classification of Terrestrial 
Ecological Systems (TES), and its intended purpose.  Prior to the workshop, Mark Miller developed a 
preliminary compilation of the dryland terrestrial ecological systems found in parks of the Northern 
Colorado Plateau Network (NCPN) and Southern Colorado Plateau Network (SCPN).  John Spence 
provided preliminary comments on their occurrence in SCPN parks.  We asked the group to comment 
on the utility of the TES classification as a framework for considering monitoring emphasis.   
 
Rather than discussing which ecosystems and vital signs should be emphasized, the discussion 
instead moved toward considering whether monitoring efforts should be primarily directed toward the 
least disturbed sites in order to capture the range of natural variability, or whether monitoring should 
also include a range of moderately and highly disturbed sites to describe the structural and functional 
attributes of degradational processes.  Jayne Belnap advocated for focusing NPS monitoring efforts 
on relatively undisturbed sites, arguing that baseline information describing the range of natural 
variability was essential for interpreting change.  She provided as an example, a 14-year effort at 
Canyonlands that emphasized undisturbed sites.  When management issues involving potential 
degradation arose, USGS and NPS were able to successfully compete for funding to compare 
disturbed and disturbed sites.  Dave Breshears presented an alternative view, suggesting that for 
many aspects of ecosystem function, we have a poor understanding of rates of change.  He proposed 
using pair-wise comparisons as a means of evaluating the relative differences between degraded and 
undisturbed sites.   Understanding the relative differences in rates is often more important than 
getting the numbers exactly right at one place.  He relayed an example from Bandelier, where 
erosional rates at some sites were 100 X those at relatively undisturbed sites, but could be returned 
to near-normal levels with restoration treatments.  From an adaptive-management standpoint, this 
paired approach is particularly compelling.  After further discussion the group arrived at a consensus 
recommendation that reflects a compromise of these positions.  The group proposed that landscape-
level and relatively inexpensive monitoring elements be implemented across a range of disturbance 
conditions.  Implicit in this recommendation was the idea that efficient metrics for vital signs that are 
essential to understanding degradational processes (e.g. soil stability) would be developed.   More 
expensive and intensive plot-based monitoring would primarily be directed toward relatively 
undisturbed sites.   
 
Following the disturbed-vs-undisturbed discussion, very little time remained to consider the original 
question concerning monitoring emphases among ecosystem types and vital signs.  Although no 
consensus was reached concerning the utility of the TES classification for this purpose, there was 
some discussion and agreement by several participants that a functional approach to ecosystem 
classification would be most useful (i.e., as opposed to a taxonomic approach).  Definition and use of 
a functionally-oriented classification scheme would depend on the ecosystem function(s) of interest.  
Several researchers have proposed that the most important functions in dryland ecosystems are 
those that control the retention of water and nutrient resources because productivity and diversity 
cannot be sustained in systems that fail to retain resources (see Miller’s literature review).  A 
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classification scheme oriented towards these functions would include two components – substrate 
characteristics (particularly erodibility) and vegetation structure (physiognomy).   
 
 
Table 6.  List of 24 candidate vital signs nominated by the dryland workshop participants.    
Category  Candidate Vital Sign  
Weather and Climate  Weather and climate  
Landscape Pattern  Landscape pattern  
Landscape Pattern  Surrounding land use  

Landscape Pattern  
Vegetation productivity/phenology (remotely sensed, 
NDVI) 

Disturbance Regime Extreme climatic events 
Disturbance Regime Fire occurrence patterns 
Disturbance Regime Insect / disease outbreak patterns 
Upland Soil, Water & Nutrient 
Dynamics Soil stability 
Upland Soil, Water & Nutrient 
Dynamics Upland hydrologic function 
Upland Soil, Water & Nutrient 
Dynamics Soil moisture  
Upland Soil, Water & Nutrient 
Dynamics Within-site patch connectivity & vertical structure 
Upland Soil, Water & Nutrient 
Dynamics Nutrient cycling  
Biotic Integrity  Phenology of key plants and animals (field-based)  

Biotic Integrity  
Arthropods (as indicators of particular ecosystem 
processes)  

Biotic Integrity  
Biodiversity within vegetation types (multiple taxa 
groups) 

Biotic Integrity  Biological soil crusts 
Biotic Integrity  Population structure of dominant plant species 
Biotic Integrity  Seed bank  
Biotic Integrity  Status of marginalized taxa/species distribution  
Biotic Integrity  Structure / diversity of vertebrate communities 
Biotic Integrity  Vegetation composition and structure 
Stressors Air pollution  
Stressors Invasive exotic plants  
Stressors Visitor use patterns  

 
  
Candidate Vital Sign Descriptions 
 
Weather and climate:  Precipitation, temperature and wind patterns were identified as important 
drivers of ecosystem dynamics.   Because of the significance of extreme climatic events as 
disturbances affecting ecosystem structure and function, climatic monitoring overlaps with 
disturbance monitoring.   
 
Landscape pattern:  includes 1) landscape structure --  the extent, patch size, spatial configuration 
and connectivity of vegetation types, 2) landscape composition -- the distribution, richness, and 
proportion of vegetation types, and 3) landscape function -- effects of disturbance processes on 
structure and composition.   Remote sensed data would be used to evaluate changes in landscape 
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pattern pertaining to vegetation (e.g. forest stand  structure, site condition) and changes in 
disturbance regimes (e.g. fire, extreme climatic events).    
 
Surrounding land use:  Changes in adjacent land use directly influence park ecosystems in many 
ways such as habitat loss, fragmentation, disruption of wildlife corridors, invasion of exotic species 
and altered hydrologic regimes.  It includes assessing trends in adjacent land management practices, 
urban/rural development, point-source pollution, water diversions, road density, etc., and overlaps 
with landscape structure in assessing trends in fragmentation & connectivity.   
 
Vegetation productivity/phenology:  the Normalized Difference Vegetation Index (NDVI) measures 
plant growth (vigor), vegetation cover and biomass production from multispectral satellite maps.  
Changes in climate (including temperature, timing and amount of precipitation, growing season 
shifts), as well as factors such as ground-level ozone, increased atmospheric deposition of nitrogen, 
and increased levels of carbon dioxide, might cause or contribute to changes in plant growth.    
 
Extreme Climate Events:  Includes monitoring the occurrence and extent,  and documenting 
widespread effects of extreme climatic events such as drought.   
 
Fire occurrence patterns:  Describes the location, frequency, extent, seasonality and severity of 
fires (spatial and temporal patterns).  This includes monitoring the effects of fire or lack of fire in light 
of current and historical forest ecosystem dynamics.  Monitoring fire occurrence patterns would rely 
primarily on remote sensed data.  
 
Insect/disease outbreaks:  Bark beetles and defoliating insects are continuously present in 
southwestern forests.  Outbreaks occur occasionally in stressed stands, resulting in high mortality of 
trees, and shifts in stand structure/composition.   
 
Soil stability: – the capacity of a site to limit redistribution and loss of soil resources (including 
nutrients and organic matter) by wind and water (Pellant et al. 2000).  Accelerated soil erosion in 
uplands is a predictable response to many stressors, including altered fire regimes and overgrazing 
by livestock on adjacent lands.  Measurements might include plant cover, litter/rock cover, p/a of 
erosional features, cover and development of biological soil crusts.  
 
Upland hydrologic function: Hydrologic function is defined as the capacity of a site to capture, 
store, and safely release water from rainfall, run-on, and snowmelt, to resist a reduction in this 
capacity, and to recover this capacity following degradation (Pellant et al. 2000).   
 
Soil moisture:  In semiarid landscapes such as the Colorado Plateau, the composition and structure 
of plant communities depends largely on the amount and spatial distribution of soil moisture 
(Breashears and Barnes 1999).   Measuring soil moisture will provide a critical link between 
monitoring weather/climate and monitoring vegetation composition and structure.    
 
Within-site patch connectivity and vertical structure:   Many of the ecosystem transitions that 
have recently been observed within SCPN parks (e.g. greater frequency/extent of catastrophic fire, 
decreased surface fire, increased rates of soil erosion) are partially the result of changes in patch 
structure and patch connectivity.   These attributes affect the probability of crown fire spread, surface 
fire spread, water erosion and wind erosion.  Detecting changes in patch connectivity and vertical 
structure may provide early warning of ecosystems near a threshold transition.   
 
Nutrient cycling:  Relates to nutrient availability to plants and includes nutrient levels in soils, soil 
biota and decomposition rates.  Soil fertility and nutrient cycling are fundamental to ecosystem 
functioning.   
 
Phenology of key plants and animals (field-based):  Changes in the seasonal timing of key life 
history events (e.g. leaf-on, flowering, breeding seasons/cycles, maturation of young) may provide 
early warning of climate change.  



Southern Colorado Plateau Network Phase Two – Appendix L – Topical Workshop Summaries 

L-14 

 
Arthropods (as indicators of particular ecosystem processes):   Arthropods are the most diverse 
taxa on earth and represent almost the full spectrum of ecological roles.  Arthropods are key links 
between plants and many vertebrates.  Might include composition and abundance of ground-dwelling 
and/or foliage arthropods.   
 
Biodiversity within vegetation types (multiple taxa groups):  Maintaining biodiversity is central to 
the NPS mission.  Estimating species richness and diversity for multiple tax groups across 
predominant vegetation types would contribute to evaluating the biotic integrity of park ecosystems.    
 
Biological soil crusts:   Biological soil crust communities may be considered as a focal community 
of arid upland ecosystems (in other words they are disproportionately important to ecosystem 
functioning).  Biological soil crusts stabilize and protect soil surfaces from erosive forces, influence 
hydrologic processes such as water runoff and infiltration, and serve as a source of nitrogen (Belnap 
and Lange 2001).     
 
Population structure of dominant plant species:  The dominant plant species within vegetation 
communities provide structure for other plants and wildlife.  Monitoring age structure, reproduction, 
dispersal and establishment may provide mid-term warning of shifts in  ecosystem 
composition/structure.     
 
Seed bank:  Monitoring seed banks would contribute to understanding the potential for future change 
in vegetation composition/structure and determining the vulnerability to threshold responses.   It 
would relate to exotic invasion, adjacent land use changes, and disturbance patterns.   
 
Status of marginalized taxa/species distribution:  Edge-of-range and relictual populations, as well 
as species that are sensitive to environmental conditions may serve as indicators of global change or 
increased regional stressors such as air pollution.  Altered population dynamics or plant growth/vigor 
may provide early warning of impending change.  Altered latitudinal/elevational distribution patterns 
may also serve as indicators.   
 
Vegetation composition and structure:  Vegetation communities integrate environmental factors, 
biotic interactions and disturbance regimes.  They are core components of park ecosystems and 
serve as an indicator of ecosystem integrity.  Vegetation provides habitat for wildlife and is also the 
primary unit upon which resource management actions are performed.    
 
Air pollution:  Increases in ozone, deposition of nitrogen, mercury and sulfur, and increased 
greenhouse gases may act as stressors on dryland ecosystems.   
 
Invasive exotic plants:  Exotic plants can alter community structure via competitive effects on native 
species.  The most serious threat to native biodiversity comes from exotic species that significantly 
alter disturbance regimes or soil-resource regimes -- two of the interactive controls of ecosystem 
sustainability.  Monitoring of invasive exotics might include plot-based and remotely sensed data.   
 
Visitor use patterns:  Would describe spatial and temporal patterns of park use by visitors.  May be 
important for interpreting changes in ecosystem conditions. 
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Table 7.  Mean scores for ecological and management significance for 24 potential vital signs 
proposed by dryland ecosystems workgroup.   The vital signs that ranked in the lowest 30% are 
shaded to indicate that they were not carried forward to the second phase of evaluation.   

 Candidate Vital Sign 

Ecological 
Significance (Mean 

Score) 

Management 
Significance 
(Mean Score) 

Average of 
Management 
& Ecological 
Significance 

Scores 
Weather and climate 9.84 9.84 9.84 
Vegetation composition and 
structure 10.00 9.17 9.59 
Extreme climatic events 9.34 9.34 9.34 
Soil moisture 9.67 8.67 9.17 
Fire occurrence patterns 9.17 9.17 9.17 
Invasive plants 9.00 9.34 9.17 
Soil stability 9.34 8.84 9.09 
Upland hydrologic function 9.50 8.50 9.00 
Within-site patch connectivity 
and vertical structure 9.34 8.34 8.84 
Biological soil crusts 9.34 8.00 8.67 
Vegetation 
productivity/phenology  
(remotely sensed, NDVI) 8.84 7.50 8.17 
Landscape pattern 8.50 7.67 8.08 
Biodiversity within vegetation 
types (multiple taxa groups) 7.83 7.50 7.67 
Insect/disease outbreak 
patterns 7.67 7.67 7.67 
Surrounding land use activities 6.50 8.84 7.67 
Nutrient cycling 8.67 6.50 7.58 
Population structure of 
dominant plant species 8.00 7.17 7.58 
Seed bank 7.83 7.17 7.50 
Phenology of key plants and 
animals (plot based) 7.67 6.83 7.25 
Visitor use patterns 5.17 8.00 6.58 
Arthropods 7.67 5.50 6.58 
Air pollution 5.83 7.17 6.50 
Structure/diversity of vertebrate 
communities 6.00 5.67 5.83 
Status of marginalized 
taxa/species distribution 4.50 5.67 5.08 
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Table 8.  Weighted scores for top 17 candidate vital signs proposed by dryland ecosystems 
workgroup.   

Candidate Vital 
Sign  

Ecological 
Significance 
(weight = .35) 

Management 
Significance 
(weight = .35) 

Cost & 
Feasibility 

(weight = .15) 

Data Utility & 
Application 

(weight = .15) 
Final 
Score 

Weather and 
climate 3.44 3.44 1.35 1.05 9.28 
Vegetation 
composition and 
structure 3.50 3.21 1.30 1.28 9.28 
Soil moisture 3.38 3.03 1.30 1.31 9.03 
Fire occurrence 
patterns 3.21 3.21 1.25 1.29 8.96 
Invasive plants 3.15 3.27 1.13 1.20 8.74 
Soil stability 3.27 3.09 1.10 1.18 8.64 
Extreme climatic 
events 3.27 3.27 1.05 1.05 8.63 
Upland 
hydrologic 
function 3.33 2.98 0.95 1.29 8.55 
Biological soil 
crusts 3.27 2.80 1.20 1.18 8.45 
Within site patch 
connectivity and 
vertical structure 3.27 2.92 0.98 1.24 8.40 
Vegetation 
productivity/phen
ology - remotely 
sensed (NDVI) 3.09 2.63 0.98 1.22 7.91 
Population 
structure of 
dominant plant 
species 2.80 2.51 1.23 1.14 7.68 
Landscape 
structure 2.98 2.68 0.95 1.05 7.66 
Biodiversity 
within vegetation 
types (multiple 
taxa groups) 2.74 2.63 1.20 1.07 7.64 
Surrounding land 
use activities 2.28 3.09 1.03 1.14 7.54 
Insect/disease 
outbreak patterns 2.68 2.68 0.98 1.03 7.37 
Nutrient cycling  3.03 2.28 0.63 0.96 6.90 
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Table 9.  Results of exercise asking participants to choose the top one, three or five vital signs 
to monitor.   

Number of times vital sign was proposed in: 

Candidate Vital Sign  Top 1 Top 3 Top 5 
Top 1, 3 

or 5 
Vegetation composition and structure 3 8 9 20
Weather and climate 3 6 7 16
Soil moisture 2 6 8 16
Soil stability 1 5 6 12
Landscape structure 1 1 3 5
Biodiversity within vegetation types (multiple 
taxa groups)  1 3 4
Surrounding land use activities  1 2 3
Within-site patch connectivity and vertical 
structure  1 2 3
Upland hydrologic function  1 1 2
Population structure of dominant plant species   2 2
Vegetation productivity/phenology - remotely 
sensed (NDVI)   2 2
Biological soil crusts   1 1
Nutrient cycling   1 1
Arthropods   1 1
Fire occurrence patterns   1 1
Phenology of key plants and animals (plot 
based)   1 1
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Riparian and Aquatic Ecosystems 
Date:  March 9-10, 2004 
Location:  San Juan Community College, Farmington, New Mexico 
 
Participants:       Organizers/Participants:  
Mark Anderson, NPS/Glen Canyon NRA   Lisa Thomas, NPS/SCPN 
Emma Benenati, NPS/Grand Canyon NP   Colleen Filippone, NPS/IM Region  
Marilyn Colyer, NPS/Mesa Verde NP  
Lynn Cudlip, Bio-Environs, Inc.     Data Managers/Notetakers: 
Bill Hansen, NPS/WRD     Julie Atkins, NAU/SCPN  
Gwen Kittel, NatureServe     Nicole Tancreto, NPS/SCPN 
Jennifer Lavris, NPS/Canyon de Chelly NM  Kate Watters, NAU/SCPN 
Barry Long, NPS/WRD      
Steve Monroe, USGS/WRD  
George San Miguel, NPS/Mesa Verde NP  
Jack Schmidt, Utah State University   
Mike Scott, USGS/BRD 
John Spence, NPS/Glen Canyon NRA  
Brad Shattuck, NPS/Chaco Culture NHP  
Pat Thompson, NPS/Petrified Forest NP  
Kirby Wynn, USGS/WRD   
 
BACKGROUND  
A two-day riparian workshop was held to develop a prioritized list of candidate vital signs relating to 
riparian ecosystems.  The workshop was attended by experts from NPS, cooperating agencies and 
private organizations, the academic community and park representatives.  The workshop was held 
concurrently with a workshop on landscape pattern and land use change.   
 
For discussion purposes, the participants divided in two groups: 1) water quality and aquatic biotic 
integrity, and 2) hydrology, geomorphology and biotic integrity of riparian areas and wetlands.       
 
Workshop Scope:  This workshop is one in a series to identify and evaluate vital signs for monitoring 
across SCPN parks.  This workshop was focused on perennial, intermittent and ephemeral streams 
and riparian corridors.  It included discussion of stream flow regimes and hydrologic function, 
groundwater, water quality, biotic integrity, disturbance regimes and the effects of anthropogenic 
stressors.  This workshop did not include discussion of the Colorado River and associated issues.  
Although the Colorado River is a significant resource for Grand Canyon NP and Glen Canyon NRA, 
both parks agree that SCPN monitoring efforts should be directed toward other park resources.   
Springs and associated wetlands have been identified as important resources of SCPN parks and will 
be the subject of another vital signs discussion.   
 
WORKSHOP SUMMARY 
 
Evaluating Candidate Vital Signs  
Following an overview of the NPS I&M program and SCP network, and an overview of the Colorado 
Plateau by John Spence, Kirby Wynn presented an update on the USGS/WRD efforts to synthesize 
and summarize existing water quality data.  This was followed by a presentation by Mike Scott, 
USGS/BRD, on developing conceptual models for Colorado Plateau stream ecosystems.  After lunch, 
the participants divided in two groups (1) water quality and aquatic biotic integrity, and 2) hydrology, 
geomorphology and biotic integrity of riparian areas and wetlands) to nominate vital signs for 
consideration.  Following individual work to generate potential vital signs, each workgroup held a 
discussion to merge similar ideas, clarify the intent of particular vital signs and refine the list.  
Following the first day’s work, SCPN staff merged the products from the two groups into one list in 
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preparation for the participants to evaluate vital signs the next day.  Groups 1 and 2 generated 
sixteen and twelve candidate vital signs, respectively, resulting in a combined list of 22 candidate vital 
signs (Table 10).   
 
We used the workgroup’s mean scores for each candidate vital sign in a two-step evaluation process.  
In the first step, we used the criteria for ecological and management significance to identify the most 
important vital signs (Table 11).   
 
In the second step, we used the scores from all four criteria areas (ecological significance, 
management significance, feasibility and cost of implementation, and data utility and application) to 
evaluate the candidate vital signs (Table 12).  Participants were also asked to select the single most 
important vital sign, the top 3 signs, and the top 5 signs that they would choose to monitor (Table 13).  
We also calculated the scores from all four criteria areas for each of the sub-groups for comparison 
(Table 14). 
 
Summary of Water Quality and Aquatic Biotic Integrity Discussion  
Water quality monitoring relating to stressors.  The workgroup developed a table of recommended 
water quality parameters for monitoring the effects of particular stressors that impact SCPN waters 
(Table 15).   
 
Outstanding National Resource Waters.  The workgroup also discussed the need to identify potential 
Outstanding National Resource Waters (ONRW) for SCPN parks.  (Background: The state of Arizona 
has a Tier III category that they refer to as a ‘unique’ water.  Colorado does not have a list of Tier III 
waters, but instead refers to them as ‘outstanding waters’.  New Mexico is in the process of revising 
it’s anti-degradation policy, including a substantial addition regarding establishment procedures for 
ONRW waters.  The state of Utah identifies ‘high quality waters’.)   
 
Summary of Hydrology, Geomorphology and Biotic Integrity of Riparian Areas/Wetlands 
Discussion:  Recommendations Regarding Monitoring Emphasis   
One aspect of the discussion considered what information was essential for NPS to collect (if we 
don’t do it, nobody will), what information could best support management, and what information 
needs were beyond the limits of feasibility for the network.   
 
Spring flow.  There was a consensus among the group that for streams emerging within park 
boundaries, monitoring spring discharge should be a high priority for the network.  Bill Hansen 
suggested using the idea of ‘index springs’ to select a subset of springs for long-term monitoring.   
 
Large regional watersheds vs. small, local watersheds.  Jack Schmidt suggested that we distinguish 
between the larger rivers with regional watersheds extending well beyond the rim (Escalante, LCR, 
Paria, Dirty Devil, San Juan, Kanab), and smaller streams, whose headwaters are largely within park 
lands.  For rivers such as the Escalante, it might be important to know what is going on at the channel 
cross-section scale within the park.  But in order to understand watershed dynamics for such a large 
area, or to potentially influence external decision-making, a watershed-coalition approach involving 
many partners would be required.  While this would be beyond the scope of the program, the network 
might play a role in encouraging multi-agency watershed study.  For some of the smaller streams with 
relatively small, local watersheds, it may be more realistic for the network to consider monitoring 
questions relating to watershed condition.    
 
Administrative Authority.  Bill Hansen added that we should also consider whether or not NPS has 
administrative authority to control the river in question (e.g. NPS has administrative control over 
Chaco Wash (CHCU) and Walnut Creek (WACA); NPS does not have administrative control over the 
LCR at WUPA and there are disputes regarding authority over the LCR within GRCA).   
 
Groundwater Issues.   The group discussed the prevalence of issues relating to regional aquifers and 
potential threats to water resources from groundwater extraction.  Bill Hansen brought up the funding 
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reality that regional groundwater flow models typically cost millions and millions of dollars and would 
be beyond what is feasible for the network.    
 
Role of conceptual models.  Jack Schmidt presented a simple riparian model to support consideration 
of monitoring needs (Figure 1).   He suggested that if the network could only monitor one thing, the 
focus should be on riparian vegetation.   The second tier for consideration should include stream 
channel form, site land use, stream flow and groundwater levels.   He suggested that the 
relationships between watershed condition and riparian response were complex and difficult to 
interpret, and consequently recommended that attributes related to watershed condition, should only 
be considered if a more comprehensive effort could be initiated.  Mike Scott concurred, proposing an 
integrated monitoring approach in which permanent cross-sections were combined with stream flow 
data and vegetation transects.  By monitoring these attributes in concert, it may be possible to 
develop a stronger understanding of the cause and effect relationships underlying riparian dynamics.   
 
Figure 1.  Conceptual model of the determinants of channel flow and riparian vegetation 
(proposed by Jack Schmidt). 

WATERSHED  CHARACTERISTICS
– Lithology of rocks
– Tectonics
– Climate
– Vegetation
– Water production from hill slopes
– Sediment production from hill slopes
– Drainage network

WATER
– Amount
– Timing

SEDIMENT
– Amount
– Size

STREAM CHANNEL 
AND FLOODPLAIN 

FORM
NATIVE 

RIPARIAN 
VEGETATION

– Cross-section

– Bed material

– Planform

– Slope

site land use

exotics

GROUND WATER

 
 
Gwen Kittel brought up the importance of developing site-specific models to describe groundwater 
flow dynamics and the interaction of ground and surface water.  These models would be most 
important for springs that form the headwaters and/or base flow for streams and creeks.   
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Table 10.  List of 22 candidate vital signs nominated by the riparian workshop participants.   
Nominated By Group: 

Category Candidate Vital Signs 
1) Water 
Quality 

2) Hydrology 
-Geomorph. 

Hydrology/Geomorphology 

Channel morphology (includes cross 
section, bed material, planform and 
slope)   

X 

Hydrology/Geomorphology 

Depth to groundwater (includes depth 
to water in existing wells, depth to 
groundwater in alluvial aquifers ) 

X X 

Hydrology/Geomorphology 
Stream flow (continuous includes 
spring discharge) 

X X 

Hydrology/Geomorphology 
Surface-groundwater interactions 
(flow/chemistry) 

X X 

Water Chemistry  

Contaminants (synthetic organics, 
metals, pesticides, other toxics)-with 
park-specific elements 

X 
  

Water Chemistry  Nutrients X   
Water Chemistry  Organic carbon (TOC, DOC) X   

Water Chemistry  

Wide-scope water quality suite - 
includes core parameters, major ions, 
trace elements, turbidity & flow (with 
park-specific elements) 

X 

  

Water Chemistry, Biotic 
Integrity   Stable isotopes  

X 
  

Biotic Integrity -- Aquatic 
Aquatic species diversity (multiple-
taxa) 

X 
  

Biotic Integrity -- Aquatic 

Macroinvertebrate and algae 
community structures (including 
exotics) 

X X 

Biotic Integrity -- Aquatic 
Microrganisms (E. coli, pathogens, 
etc) 

X 
  

Biotic Integrity -- Aquatic T &E aquatic species X   

Biotic Integrity -- 
Riparian/Wetland  Herps (including exotics)   

X 

Biotic Integrity -- 
Riparian/Wetland  

Riparian vegetation - 
composition/structure (exotics 
included)   

X 

Climate and Weather  Climate X X 

Disturbance Regime Fire-related water quality effects  X   

Landscape Pattern  
Channel morphology -- landscape 
scale   

X 

Landscape Pattern  
Riparian vegetation - landscape scale 
(composition/structure)   

X 

Landscape Pattern  

Watershed condition (controls water 
and sediment transport from hillslopes 
and is a function of lithology of rocks, 
tectonics, land use, vegetation, climate) 

X X 

Stressors Alien species (plant and animal)  X   

Stressors 
Site land use (direct modifications to 
channel & floodplain)   

X 
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Candidate Vital Sign Descriptions 
 
Channel morphology:  includes channel cross section, bed material, planform and slope.  A number of 
SCPN parks are interested in channel dynamics and channel morphology with concerns regarding 
anthropogenic alterations to channel dynamics.  There is an expressed need to understand the range of 
natural variability regarding cut and fill cycles in relation to ecosystem function and in relation to the 
preservation of archeological sites in floodplains.   
 
Depth to groundwater:  includes depth to water in existing wells, depth to groundwater in alluvial 
aquifers and spring flow.    
 
Stream flow (continuous):  Discharge (volume per unit time) measurement.   
 
Surface water-groundwater interactions:  Measure data needed to support development of conceptual 
models describing groundwater – surface water interaction..   
 
Contaminants:  broadly defined as substances present in greater than natural concentration as a result 
of human activity that cause deviations from the normal chemical composition of an ecosystem (Manahan  
1994).  Includes synthetic organics, metals, and pesticides.  Would be targeted to meet park-specific 
concerns.  
 
Nutrients:  measures of nitrogen and phosphorous (ammonia, nitrite, nitrate, phosphorous, 
orthophosphate).  Nutrient loading as a consequence of anthropogenic activities (agricultural and grazing 
runoff, sewage treatment effluent, etc.) may result in eutrophic conditions.  
 
Organic carbon: measures of dissolved and suspended organic carbon contribute to an understanding 
of within-stream energetics and the transfer of carbon from terrestrial to aquatic systems.   
 
Wide-scope water quality suite:  This would include the NPS/WRD core parameters of temperature, 
specific conductance, pH, dissolved oxygen and flow (instantaneous).  The suite would also include 
turbidity, major ions and selected trace elements.  
 
Stable isotopes:  are used to investigate water sources, groundwater flow paths, groundwater residence 
times, and potential sources of contamination (e.g. mining, land pollution).  Stable Isotopes are also 
useful for determining aquatic food webs, energy flow and links in the food web.  
 
Aquatic species diversity:  Diversity and abundance of aquatic plant and animal populations that may 
be used as an integrative indicator of ecosystem integrity.  
 
Macroinvertebrates and algae community structures:   Macroinvertebrate communities serve as bio-
indicators of overall aquatic integrity.  The states of Arizona and New Mexico are in the process of 
developing regulatory criteria relating to bio-indicators.    
 
Microorganisms:  The group discussed this in terms of naturally-occurring, possibly pathogenic 
organisms such as: cryptosporidium, Giardia lamblia, Legionella, and/or total coliform (including fecal and 
E. coli).  These organisms are important from a human health perspective and in relation to water quality 
standards.   
 
T&E aquatic species:   Species identified as ‘threatened’ or ‘endangered’ under the Endangered 
Species Act, primarily four species of fish that occur at GLCA and GRCA.     
 
Herpetofauna:  Amphibians have been documented to be in decline.  Both amphibians and reptiles may 
be sensitive to changes in water quality and responsive to changes in aquatic and riparian habitats.     
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Riparian vegetation composition and structure:  Riparian vegetation integrates the influences of 
hydrology, geomorphology and disturbance regimes, and also provides habitat for wildlife.  Native riparian 
vegetation is threatened by altered hydrology, grazing impacts and invasion by non-native species.   
 
Weather and climate:  Precipitation, temperature and wind patterns were identified as important drivers 
of ecosystem dynamics.  Due to the significance of extreme climatic events as disturbances affecting 
ecosystem structure and function, climatic monitoring overlaps with disturbance monitoring.   
 
Fire-related water quality effects:  includes monitoring peak flow events, sediment loads and channel 
morphology.  Large wildfires may result in larger peak flows and accelerated rates of sedimentation.   
 
Channel morphology (landscape scale):  describes the pattern of  morphologic settings at landscape 
scale.   
 
Riparian vegetation (landscape scale):  – Describes riparian vegetation cover patterns at a landscape 
scale.  Includes the extent, composition, structure and distribution of patch types.    
  
Watershed condition:   controls transport of water, sediment and nutrients within drainages.  Watershed 
condition is a function of soils, rock lithology, tectonics, climate, vegetation and land use.   
 
Exotic species (plant and animal):  includes monitoring invasive exotic plants in riparian corridors and 
exotic animals (esp. non-native fish) in streams.   
 
Site land use:   describes anthropogenic alterations to stream channel and floodplain at the scale of a 
stream reach.  Site-specific land use directly affects stream morphology and riparian vegetation.   
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Table 11.  Mean scores for ecological and management significance for 22 candidate vital signs 
proposed by riparian workshop participants.  The vital signs that ranked in the lowest 20% are shaded 
to indicate that they were not carried forward to the second phase of evaluation.   

Candidate Vital Sign 

Ecological 
Significance 
(Mean Score) 

Management 
Significance 
(Mean Score) 

Average of 
Management and 

Ecological 
Significance 

Stream flow 9.72 9.72 9.72 
Depth to groundwater 8.98 8.98 8.98 
Weather and climate 8.89 8.89 8.89 
Riparian vegetation - 
composition/structure 

9.54 7.87 8.71 

Wide-scope water quality suite 9.17 8.06 8.61 
Watershed condition 8.89 7.69 8.29 
Macroinvertebrate and algae 
community structures 

9.32 6.67 7.99 

Exotic  species 7.69 8.24 7.96 
Riparian vegetation - landscape 
scale 

8.52 6.95 7.73 

Site land use 7.41 7.50 7.46 
Channel morphology 8.24 6.58 7.41 
Contaminants 7.22 7.41 7.32 
Aquatic species diversity 8.52 6.11 7.32 
Herpetofauna 8.24 6.18 7.21 
T&E aquatic species 6.58 7.41 6.99 
Surface water-groundwater 
interactions 

7.41 6.39 6.90 

Channel morphology - landscape 
scale 

7.59 6.20 6.90 

Nutrients 6.76 5.83 6.30 
Microorganisms 4.02 6.57 5.30 
Fire-related water quality effects 4.91 4.45 4.68 
Organic carbon 5.46 3.43 4.45 
Stable isotopes 4.45 3.24 3.84 
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Table 12.  Mean weighted scores for top 18 candidate vital signs proposed by riparian workshop 
participants. 

Candidate Vital 
Sign 

Ecological 
Significance 
(weight = .35) 

Management 
Significance 
(weight = .35) 

Cost & 
Feasibility 
(weight = 

.15) 

Data Utility 
& 

Application 
(weight = 

.15) 
Final 
Score 

Stream flow 3.40 3.40 1.06 1.39 9.25
Depth to 
groundwater 3.14 3.14 1.01 1.23 8.53
Riparian vegetation - 
composition/structure 3.34 2.76 1.15 1.24 8.49
Wide-scope water 
quality suite 3.21 2.82 1.18 1.21 8.42
Weather and climate 3.11 3.11 1.07 0.77 8.06
Macroinvertebrate 
and algae 
community structures 3.26 2.33 1.15 1.16 7.90
Exotic species 2.69 2.88 1.07 1.13 7.77
Riparian vegetation - 
landscape scale 2.98 2.43 1.04 1.04 7.50
Watershed condition 3.11 2.69 0.67 0.95 7.42
Site land use 2.59 2.63 1.10 1.04 7.36
Herps 2.88 2.16 0.96 1.04 7.04
Channel morphology 2.88 2.30 0.89 0.95 7.02
Contaminants 2.53 2.59 0.92 0.97 7.01
Aquatic species 
diversity 2.98 2.14 0.88 1.00 7.00
T&E aquatic species 2.30 2.59 0.92 1.02 6.83
Channel morphology 
- landscape scale 2.66 2.17 0.92 0.92 6.66
Nutrients 2.37 2.04 1.15 0.83 6.39
Surface water-
groundwater 
interactions 2.59 2.24 0.56 0.83 6.22
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Table 13.  Results of exercise asking participants to choose the top 1, 3 and 5 vital signs to 
monitor.  

Number of times vital sign was proposed in:  

Candidate Vital Sign  Top 1 Top 3 Top 5 

Total 
included 
in a set 

Stream flow 7 11 14 32 
Riparian vegetation - composition/structure 2 6 12 20 
Macroinvertebrate and algae community 
structures 

2 6 8 16 

Depth to groundwater 2 5 9 16 
Wide-scope water quality suite 1 5 8 14 
Watershed condition 1 2 4 7 
Riparian vegetation - landscape scale 1 1 3 5 
Channel morphology  3 6 9 
Weather and climate  2 4 6 
Aquatic species diversity  2 3 5 
Exotic species  1 3 4 
Microorganisms  1 2 3 
T&E aquatic species  1 1 2 
Surface water-groundwater interactions  1 1 2 
Contaminants  1  1 
Channel morphology - landscape scale   1 1 
Site land use   1 1 
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Table 14.  Comparison of evaluation scores from two riparian workgroups.   
Hydrology – Geomorphology 

Group 
Final 
Score  Water Quality Group 

Final 
Score

Stream flow 9.23  Wide-scope water quality suite 9.28
Riparian vegetation (landscape 
scale) 8.90  Stream flow 9.27
Depth to groundwater 8.87  Climate 8.40
Riparian vegetation 
composition/structure 8.82  Depth to groundwater 8.19

Exotic species 8.13  
Macroinvertebrate and algae 
communities 8.17

Channel morphology 8.06  
Riparian vegetation 
composition/structure 8.15

Climate 7.73  Contaminants 7.77
Channel morphology (landscape 
scale)  7.71  Aquatic species diversity 7.69
Macroinvertebrate and algae 
communities 7.60  Exotic species 7.41
Wide-scope water quality suite 7.56  Nutrients 7.38
Watershed condition 7.54  Watershed condition 7.29
Site land use 7.54  Site land use 7.17
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Table 15.  Recommended water quality parameters for monitoring the effects of particular stressors. 
  STRESSOR  CATEGORY  

PARAMETER GROUP Recreation Grazing Crops Urbanization Transportation Logging Coal Other 
mining 

Atmospheric 
deposition Fire 303D Natural 

sources 

Algae   x x x x x x x   x     
Carbon, bed sediment             x     x     
Carbon, water             x     x     
Core parameters (incl 
turbidity) x,turb x, turb x, turb x, turb x,turb x, turb 

x, 
turb x, turb   x, turb x, turb x, turb 

Isotope and 
radiological, water               x, Uran x     x 
Macroinvertebrates   x x x x x x x   x     
Major ions, water       x         x, SO4 x   x 
Microorganisms x x   x             x   
Nutrients, water x x x x   x x x x x x x 
Organics, bed sediment x,lake                       
Organics, water x, lake     x   x       PAH     
Pesticides, tissue     x x             x   
Pesticides, water     x x             x,band   
Trace elements, bed 
sediment x, lake,             x, Hg     x   
Trace elements, tissue               x, Hg Hg       

Trace elements, water x, lake     x x x x 
x, 

Cyanide Hg 
x, 

Cyanide x x 
Volatile organics, water x, lake       x               
Waste water 
compounds, water x     x                 

Sediment load x x x x x, traction sand x x x   x x x 
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Landscape Patterns and Land Use Change 
Date:  March 9-10 
Location:  San Juan Community College, Farmington, New Mexico 
 
Participants:      Organizers/Participants: 
Sam Drake, AZ Remote Sensing Center, UA  Chris Lauver, NPS/SCPN 
Mark Drummond, USGS    Nicole Tancreto, NPS/SCPN 
Brad Reed, USGS        
Dave Theobald, Colorado State University 
Kathryn Thomas, USGS     Data Managers / Notetakers:  
Allan Loy, NPS/Mesa Verde    Nicole Tancreto, NPS/SCPN 
Mike Medrano, NPS/Petroglyph    Kate Watters, NAU 
Steve Mietz, NPS/Grand Canyon  
 
BACKGROUND 
A two-day workshop was held to develop a prioritized list of candidate vital signs relating to landscape 
patterns and land use change.  The workshop was attended by experts from NPS, cooperating agencies, 
the academic community, and park representatives.  The workshop was held concurrently with a 
workshop on aquatic and riparian resources.   
 
Workshop Scope 
This workshop is one in a series to identify and evaluate vital signs for monitoring across SCPN parks.  
The landscape group considered a broad approach in assessing the spatial and temporal aspects of the 
natural ecosystems and processes of the southern Colorado Plateau.  We discussed the agents that 
cause patterns (e.g., fire, development, housing, roads, large-scale disturbances), their effects, how best 
to monitor these effects at the landscape level, and which indicators best describe landscape vegetation 
patterns and land use/land cover change.  This included discussions of disturbance regimes, climate 
patterns, and anthropogenic stressors that affect land use, and their consequent effects on ecosystem 
and habitat fragmentation, soil and water regimes, and biotic integrity. 
 
 
WORKSHOP SUMMARY 
 
Evaluating Candidate Vital Signs 
Following presentations and discussions of the workshop objectives, significant park resources and 
issues, ecological mechanisms related to monitoring change around protected areas, and the vital sign 
selection process, the group (working individually) nominated 28 vital signs.  An additional 5 signs 
(landscape vegetation pattern, detailed vegetation pattern, vegetation condition, regional land cover, and 
fire patterns) were considered by this group because of their relevance and these signs were highly 
ranked by 2 previous workshops on terrestrial dryland and montane ecosystems.  Thus, the group initially 
had a total of 33 vital signs. These were classified into a framework containing 7 categories, and then 
discussed individually by the group and were revised, modified, and combined into a total of 20 signs 
(Table 16).  A brief description of each vital sign follows Table 16. 
 
The average score for each vital sign using just the ecological and management significance criteria are 
shown in Table 17, and the final scores using all 4 areas of criteria are shown in Table 18.  Results of vital 
sign ranking are shown in Table 19.  When these set results were presented and discussed by the group, 
the group discussed modifying some of the key signs.   
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Results 
 
Vital Sign Ranking (Tables 17 and 18):  Climate, fire, and vital signs relating to vegetation and land 
cover dominated the most highly ranked signs.  The top two signs (climate and fire patterns) can be 
viewed as ecosystem drivers.  Overall, about half of the 20 signs received relatively high scores (i.e., 
above 7).  In comparing Tables 17 and 18, it is interesting to note that the relative ranking of two signs 
(detailed vegetation pattern and invasive plants) dropped when considering data feasibility and 
application issues, suggesting the difficulty of monitoring these signs.  Conversely, the ranking of 
vegetation condition went from 7th place in Table 17 to 5th place in Table 18, suggesting easier monitoring 
of this sign.  The lowest scores were for signs from the “other” category (dark night skies, air quality, 
cryptobiotic communities), a vegetation sign (lifeform heterogeneity), and the soil stability sign.  The 
highest scoring stressor was invasive plants.  Signs scoring in the mid-range included focal species 
habitat connectivity, water features and hydrologic flow modifications, visitor/recreational use, natural 
disturbances other than fire, and point and non-point sources of water pollutants.   
 
Vital Sign Sets (Table 19):  Vegetation pattern and condition and regional land cover were the signs 
most often selected as part of a set by the participants.  These results are similar to the ranking results 
described above.  Contrary to the ranking process, participants were not constrained in picking these 
sets, and thus the set results can be viewed as a check of the ranking process.  Detailed vegetation 
pattern was the vital sign selected the most often as the single, most important sign to monitor, but 
vegetation condition was the sign picked most often to be part of any set.  Other signs selected frequently 
included landscape vegetation pattern, regional land cover, land use and management designation, and 
visitor/recreational use.  Climate and fire patterns were selected often, but maybe not as often as one 
would have predicted based on their high rankings shown in Tables 17 and 18.  Conversely, three signs 
(land use and management designation, visitor/recreational use, and soil stability) were selected more 
frequently than might have been predicted from their rankings in Tables 17 and 18.  Other signs receiving 
votes for inclusion in a set were: water features and hydrologic flow modification, invasive plants, focal 
species habitat connectivity, natural disturbances other than fire, and human populations and 
demographics.  
 
 
Discussions:   
 
Vital Sign Results 
 
There was considerable discussion following the presentation of the results of the vital sign rankings and 
selection of sets.  The group generally felt the results accurately portrayed their priorities, but also 
strongly suggested the need for better definition and clarification of the high-ranking vital signs pertaining 
to vegetation, land cover, and land use.  Partly because of this need and partly because of the inherent 
overlap between the perceived definitions of land cover and land use, the group suggested combining the 
landscape vegetation pattern sign with the regional land cover sign, and combining land use and 
management designation with the visitor/recreational use and accessibility pattern sign.  Collectively, 
then, these 4 signs were perceived by the group as the most important landscape vital signs.  Further 
group discussion highlighted and emphasized the importance of two other signs: focal species habitat 
connectivity and vegetation condition.     
 
 
Vital Sign Data Sources, Potential Measures, Monitoring Questions, etc. 
 
Following the discussion of the vital sign results, a group discussion was held on which data are best 
suited to monitor key vital signs, the desired scales, and potential measures.  These collective comments 
are presented in Table 20.  Finally, a group discussion was held to determine some potential monitoring 
questions for several of the highly ranked signs; approaches to change detection, key challenges, and 
potential collaborations in monitoring these candidate vital signs were also discussed (Table 21). 
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Table 16.  List of 15 candidate vital signs nominated by the landscape group, plus 5 signs 
forwarded to this group from previous workshops. 
Category Candidate Vital Sign 
Vegetation Landscape vegetation pattern (mesoscale) 
Vegetation Detailed vegetation pattern 
Vegetation Vegetation condition (productivity/phenology) 

Vegetation Lifeform heterogeneity (continuous fields of vegetation) 
Land use / Land cover Regional land cover (includes some land use) 

Land use / Land cover Land use and management designation (non-cover related) 

Land use / Land cover 
Visitor/recreational use and accessibility patterns (in park and 
on adjacent lands) 

Land use / Land cover Focal species habitat connectivity 
Human Demography / Stressors Human populations and demographics (multiscale) 
Human Demography / Stressors Invasive exotics (plants) 
Human Demography / Stressors Point and non-point sources of water pollutants 
Upland Soil / Water Function Soil stability (including surficial geology) 

Stream / Wetland Hydrologic / 
Geomorphologic Function Aquifer budgets 

Stream / Wetland Hydrologic / 
Geomorphologic Function Water features and hydrologic flow modifications 

Disturbance (fire, extreme climate 
events) Fire patterns 

Disturbance (fire, extreme climate 
events) Natural disturbances other than fire  
Other Cryptobiotic communities 
Other Climate 
Other Air quality 
Other Dark night skies 

 
 
Candidate Vital Sign Descriptions 
 
Landscape vegetation pattern: Describes landscape structure (i.e., the extent, patch size, spatial 
configuration, and connectivity of vegetation types) and landscape composition (the distribution, richness, 
and proportion of vegetation types).  Remotely sensed data would be used to evaluate changes in 
landscape pattern pertaining to vegetation (e.g., forest stand structure) and changes in disturbance 
regimes (including fire and extreme climatic events).    
 
Detailed vegetation pattern:  Describes vegetation cover patterns at a high spatial resolution with low to 
intermediate repeatability (e.g., detailed vegetation maps updated every 10-15 years).  Includes an 
emphasis on monitoring ecotones (e.g., tree invasion into grasslands), rare habitats (mostly small 
patches), and landscape/vegetation structure (e.g., patterns of vegetation heterogeneity).  
 
Vegetation condition:  Characterizes several states of vegetation, including productivity, phenology 
(tracking vegetation status through time), and vigor (or greenness).  Includes identifying vegetation under 
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stress from climate (drought), pests, and human influences, and areas with high vegetation mortality.  
Data are largely based on the remotely sensed NDVI index. 
 
Lifeform heterogeneity:  Spatial data set derived from remotely sensed imagery that describes 
vegetation in terms of continuous fields of proportional lifeforms (i.e., % woody vegetation, % herbaceous, 
% bare ground, etc.).  Monitoring the changes in these proportions over time may function as an early 
indicator of vegetation response to various stressors. 
 
Regional land cover:  Describes land cover and some land use patterns at a relatively coarse spatial 
scale with high repeatability (e.g., annually).  Requires use of remotely sensed data.  Characterizes 
changes in landscape context (e.g., habitat fragmentation and connectivity) and adjoining land use 
patterns for areas surrounding NPS park units. 
 
Land use and management designation:  A map of park units and their surrounding land that describes 
management zones (e.g., permitted/allowable land uses) or areas under general or specific management 
designations (e.g., recreational, grazing, logging, conservation/preservation, agricultural, urban/suburban, 
etc.).  Management designations for a given area are not necessarily related to the actual land cover of 
the area.   Relies on acquiring relevant spatial data sets on allowable land uses from federal, state, and 
local agencies and tribes and other organizations. 
 
Visitor/recreational use and accessibility patterns:  Describes the location, extent, type of 
disturbance, and trends in impacts from concentrated and dispersed recreation, and patterns on the 
ease/difficulty in accessing various locations in park units.  Monitoring may include tracking changes in 
ground cover and altered vegetation structure and composition, and tracking roads/trails/fencing and 
other features that influence accessibility. 
 
Focal species habitat connectivity:  Describes the degree (index) of connectivity of habitats for key, 
generally wide-ranging species (i.e., species that have high management significance and/or those that 
may serve as indicators of ecosystem condition).  The focus is generally on terrestrial and aquatic animal 
species, but may include analysis of plants (e.g., habitat vectors of exotic plants).  The extent of the data 
sets are species-specific, and likely include significant buffer areas surrounding park units (and potentially 
network and inter-network wide).   
 
Human populations and demographics:  Describes status and trends in population density (using 
census data) and related factors (e.g., housing density).  Monitoring population growth trends can help 
determine areas vulnerable to effects of human settlements, including impacts resulting from extractive 
uses occurring adjacent to parks and impacts to wildlife corridors, critical habitats, and other significant 
natural resources.   
 
Invasive exotics (plants):  Describes the location, extent, and trends of invasive plant species that have 
the capacity to alter important ecosystem processes (e.g., fire regimes) and ecosystem structure.  
Examples include cheatgrass and tamarisk, contributing to more frequent or more severe fires that are 
outside of historical range of variability.  Does not include species such as Kentucky bluegrass which has 
become “naturalized” and may have little (system-wide) impact. 
 
Point and non-point sources of water pollutants:  Describes the location, characteristics, and type of 
sources (both point or discrete conveyances and non-point or diffuse sources) of various water pollutants.    
 
Soil stability (including surficial geology):  Describes the capacity of a site to limit redistribution and 
loss of soil resources (including nutrients and organic matter) by wind and water (Pellant et al. 2000).  
This includes describing the soil type/substrate type, its stability, the erosional forces acting upon it, and 
any erosion/sedimentation that has occurred.  Accelerated soil erosion in uplands is a predictable 
response to many stressors, including altered fire regimes and overgrazing by livestock on adjacent 
lands.  Measurements might include plant cover, litter/rock cover, presence/absence of erosional 
features, cover and development of biological soil crusts. 
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Aquifer budgets:  Tracks the water table levels of local aquifers that occur in and encompass park units.  
Monitoring these levels is important because of their potential relationships in determining erosion rates, 
dune formation and movement, and presence and vigor of phreatophytic species in riparian areas.  
 
Water features and hydrologic flow modifications:  Describes the location and type of water 
resources, and the location and types of developments (dams, channel diversions, etc.) that modify 
hydrologic flows. 
 
Fire patterns:  Describes the location, frequency, extent, seasonality, and severity of fire (tracks the 
spatial and temporal patterns of fire and fire severity patterns).  This includes monitoring the effects of fire 
(with respect to historical range of variability) or lack of fire in light of current and historical forest 
ecosystem dynamics (e.g., identify uncharacteristic features of current fire regimes; identify areas with 
high fire vulnerability).  Related to climate and vegetation signs described above.  (This sign is equivalent 
to the Fire occurrence patterns vital sign, from the Terrestrial Arid/Semi-arid ecosystems workshop). 
 
Natural disturbances other than fire:  Describes the type, location, frequency, extent, and severity of 
natural disturbances such as insect outbreaks and extreme drought.  This includes monitoring the effects 
of these disturbances (with respect to historical range of variability) on vegetation (primarily), and may 
include monitoring impacts on other conditions including soil stability, water quantity and quality, 
watershed condition, etc. 
 
Cryptobiotic communities:  includes soil biotic crusts, lichens, nitrogen-fixing rhizobia, and mycorrhizial 
associations.  Describes the type, distribution, and functioning of these biotic communities at the 
landscape level.  Biological soil crusts stabilize and protect soil surfaces from erosive forces, influence 
hydrologic processes such as water runoff and infiltration, and serve as a source of nitrogen (Belnap and 
Lange 2001). 
 
Climate:  Characterizes precipitation and temperature patterns at landscape/regional scales.  Use to 
compare to historical range of variability and look for “unusual” drought intensity/duration or hot/cold 
periods.  Winter precipitation is particularly important with respect to soil moisture conditions and 
vegetation establishment, survival, and vulnerability to fire.  
 
Air quality:  Describes the location, extent, status and trends in air quality.  Poor air quality affects natural 
and cultural resources through impaired visibility and threats to biotic health.  Monitoring may include 
tracking tissue damage in major plant species (e.g., forest trees). 
 
Dark night skies:  Describes the light conditions of evening skies.  Dark night skies within park units are 
a diminishing resource due to internal and external anthropogenic activities.     
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Table 17.  Prioritized list (with scores scaled to 10) of candidate vital signs from two sets of 
evaluation criteria, and their averages. 

Vital Sign 

Average 
Ecological 

Significance 
Score 

Average 
Management 
Significance 

Score 

Average of Ecol. 
And Mgmt. Sign. 

Scores 

Climate 9.45 9.45 9.45 

Fire patterns 9.45 9.45 9.45 

Detailed vegetation pattern 8.71 7.78 8.24 
Landscape vegetation pattern 
(mesoscale) 8.34 8.15 8.24 
Regional land cover (includes 
some land use) 8.34 7.78 8.06 

Invasive exotics (plants) 7.41 8.52 7.96 
Vegetation condition 
(productivity/phenology) 8.15 7.59 7.87 

Focal species habitat connectivity 7.78 6.85 7.32 
Water features and hydrologic 
flow modifications 7.59 7.04 7.32 
Visitor/recreational use and 
accessibility patterns 5.93 8.52 7.22 
Natural disturbances other than 
fire  7.78 6.48 7.13 
Point and non-point sources of 
water pollutants 6.48 7.41 6.95 
Land use and management 
designation (non-cover related) 6.11 6.67 6.39 
Human populations and 
demographics (multiscale) 5.93 5.93 5.93 

Aquifer budgets 5.74 5.19 5.46 

Air quality 5.00 5.74 5.37 

Cryptobiotic communities 6.30 4.26 5.28 
Soil stability (with surficial 
geology) 5.19 4.63 4.91 
Lifeform heterogeneity 
(continuous fields of vegetation) 4.63 4.45 4.54 

Dark night skies 3.33 4.45 3.89 
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Table 18.  Prioritized list (with final scores scaled to 10) of candidate vital signs, generated by the 
additive scores from four sets of weighted evaluation criteria.    

Vital Sign 

Weighted* 
Ecological 

Significance 

Weighted* 
Management 
Significance 

Weighted* 
Feasibility & 

Cost of 
Implementation 

Weighted* 
Data Utility 

and 
Application 

Final 
Score 

Fire patterns 3.31 3.31 1.28 1.29 9.18 

Climate 3.31 3.31 1.25 0.79 8.65 

Landscape vegetation 
pattern (mesoscale) 2.92 2.85 1.44 1.19 8.40 
Regional land cover 
(includes some land 
use) 2.92 2.72 1.39 1.15 8.18 

Vegetation condition 
(productivity/phenology) 2.85 2.66 1.39 1.13 8.02 

Detailed vegetation 
pattern 3.05 2.72 1.08 1.17 8.02 

Focal species habitat 
connectivity 2.72 2.40 1.17 1.04 7.33 
Water features and 
hydrologic flow 
modifications 2.66 2.46 1.11 1.06 7.30 

Invasive exotics (plants) 2.59 2.98 0.72 0.96 7.26 

Natural disturbances 
other than fire  2.72 2.27 0.86 1.06 6.92 
Visitor/recreational use 
and accessibility 
patterns 2.07 2.98 0.86 0.92 6.83 
Point and non-point 
sources of water 
pollutants 2.27 2.59 0.89 0.96 6.71 
Land use and 
management 
designation (non-cover 
related) 2.14 2.33 1.25 0.81 6.54 
Human populations and 
demographics 
(multiscale) 2.07 2.07 1.28 0.69 6.11 
Air quality 1.75 2.01 1.14 0.81 5.71 

Aquifer budgets 2.01 1.82 0.64 0.90 5.36 

Cryptobiotic 
communities 2.20 1.49 0.72 0.79 5.21 
Lifeform heterogeneity 
(continuous fields of 
vegetation) 1.62 1.56 1.08 0.79 5.05 
Soil stability (with 
surficial geology) 1.82 1.62 0.69 0.83 4.96 
Dark night skies 1.17 1.56 1.14 0.81 4.67 

* The scored criteria from each set were initially scaled to 10, and then the following weightings were 
applied: for ecological and management significance, 35% each (maximum score = 3.5); for feasibility 
and cost of implementation, and data utility and application, 15% each (maximum score = 1.5). 
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Table 19.  Results from all participants showing the number of times a vital sign was picked as the 
single, most important sign, or as part of the top 3 or top 5 signs, and total number of times 
picked in any set.  

Number of times included 
Vital Sign in Top 1 in Top 3 in Top 5 in a set 

Detailed vegetation pattern 3 3 4 10 
Landscape vegetation pattern 
(mesoscale) 2 4 5 11 
Vegetation condition 
(productivity/phenology) 1 5 7 13 
Regional land cover (includes 
some land use) 1 5 5 11 
Land use and management 
designation (non-cover related) 1 2 2 5 

Climate 1 1 1 3 
Visitor/recreational use and 
accessibility patterns   2 5 7 

Fire patterns   2 3 5 
Water features and hydrologic 
flow modifications   1 3 4 
Soil stability (including surficial 
geology)   1 2 3 

Invasive exotics (plants)   1 1 2 

Focal species habitat connectivity     3 3 
Natural disturbances other than 
fire      3 3 
Human populations and 
demographics (multiscale)     1 1 
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Table 20.   Recommendations by the landscape group on data sources, features, scales, extent, and potential measures for 5 key vital 
signs. 

Vital Sign 
Landscape 
Features Data Sources 

Spatial 
Scale Temporal Scale Extent (scope) 

Potential 
Measures 

Landscape vegetation 
pattern 

Map units of 
ecological systems 

Landsat TM, 
ETM+, GAP, 
NLCD 

2 to 5 
hectares 

5 years and on 
demand 

Network-wide, 
and on demand 
for specific 
disturbance 
events 

Connectivity of 
patch types 

Land management 
designation, and 
visitor/recreational use 
and accessibility 

Management 
zones, roads, trails, 
spatial data sets of 
visitor use data 
(points, polygons, 
density grid) 

Agencies, DLGs, 
Census Bureau 
data, County, 
Land Trust, 
DOQQ's, GAP? 

1:24:000 

Every 5 to10 
years for 
management; 
annually for 
roads and 
parcels and 
visitor use 

Park + buffer 
(nearest 
political 
boundary) 

Road & trail 
density, housing 
density, non-
sanctioned and 
sanctioned visitor 
use days, travel 
time, zoning 
types 

Vegetation condition 
(productivity/phenology) 

Density grid, plus 
points 

MODIS, AVHRR, 
historical aerial 
photography, 
ground 
observations 

250 m x 250 
m (= MODIS 
pixel size)  

Monthly to 
seasonally  Regionally 

Greeness index, 
phenology 
metrics, potential 
invasive species 
monitoring, 
relative 
productivity by 
cover type, long-
term trends 

Detailed vegetation 
pattern 

Map units of plant 
associations, etc. 

High resolution 
imagery, ground 
plots, aerial 
transects 

1 ha (park-
wide);   
1 m  (for 
change 
detection) 

Every 3 to 5 
years and on 
demand for 
change; 10 to 15 
years for full 
description 

Park  
+ 1 km (?) 
buffer 
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Table 21.   Recommendations by the landscape group on monitoring questions to be addressed, change detection, key challenges, and 
potential collaborations for key vital signs.  

Key Vital Sign 

Monitoring Questions 
(what changes in status 

and trends are we 
interested in?) 

How best to detect 
change? Key challenges Potential Collaborations 

Land cover and vegetation 
pattern 

Changes in the rates, 
distribution, and abundance, 
and assess  trends within all 
mapping units.  What forces 
are driving the observed 
changes? 

Maintain thematic 
resolution through time.  
Consider HRV.  
Important to distinguish 
types of change 
(classified vs. verified).  
Link to vegetation 
conditions. 

Technology changes; acquiring 
Landsat data; any interpretation 
of abstract classes; developing a 
working and stable classification 
scheme. 

GAP; NLCD; other agencies; 
USGS Land Cover Trends 
1973-present 

Land mgmt. designation 
and visitor/recreational 
use and accessibility 

Are road densities changing?  
Trends in visitor use and 
accessibility?  Habitat 
conversion occurring outside 
the Park?  Any changes in 
permited management? 

Focal sum inside 
moving circle analysis 
(at 10m resolution).  
Create surfaces using 
kriging. 

Some visitor use information is 
not standardized; keeping data 
sets updated; keeping up with 
agency decision-making and 
public input periods; maintaining 
interagency collaborative efforts. 

Other agencies (federal, state, 
local); other divisions within 
the Parks  

Vegetation condition 
(productivity/phenology) 

Is vegetation vigor/health 
changing?  Is the vegetation 
phenology changing?  What 
are the trends in both?  How 
do we quantify the change?  
Early detection in gross 
changes in vegetation 
condition. 

Annual and semiannual 
measurement of 
phenological trends; 
summary measures 
compared to historical 
average; link to veg 
cover. 

Making change assessments 
type-specific; ground truthing and 
timing. 

USGS; phenology networks 
(ground observers) 

Invasive species 

What factors are useful to 
predict where new populations 
of invasives will spread?  What 
and where are vulnerable 
habitats?  What are dispersal 
and environmental factors 
leading to new infestations?  
Link to focal species habitat 
connectivity, land use, and 
other signs. 

Role of remote sensing 
in detecting new 
populations; model 
potential infestation 
sites. 

Difficult to define range potential 
for species. 

Other agencies (federal, state, 
local); USGS: Jayne Belnap 
and Kathryn Thomas; 
Johnathan Friedman 
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Fauna Populations and Communities 
Date:  April 6-7, 2004 
Location:  Northern Arizona University, Flagstaff, Arizona 
 
Participants:       Organizers/Participants:  
Eric Albrecht, University of Arizona     Dave Mattson, USGS/CPRS 
Mike Bogan, USGS/University of NM    Matt Johnson, NAU/CPRS 
Neil Cobb,  Merriam-Powell Center, NAU  Lisa Thomas, NPS/SCPN 
Marilyn Colyer, NPS/Mesa Verde NP* 

Charles Drost, USGS/Colorado Plateau RS  
Steve Fettig, NPS/Bandelier NM    Data Managers/Notetakers: 
Jennifer Holmes, NAU/Colorado Plateau RS  Nicole Tancreto, NPS/SCPN 
Mike Medrano, NPS/Petroglyph NM    Kate Watters, NAU/SCPN 
David Mikesic, Navajo Natural Heritage Program 
AJ Monatesti, NAU/Colorado Plateau RS  
Erika Nowak, NAU/Colorado Plateau RS   
Craig Paukert, USGS, Kansas Cooperative Fish  

& Wildlife Research Unit 
Trevor Persons, NAU/Colorado Plateau Research  

Station  
Brad Shuttuck, NPS, Chaco Culture NHP 
RV Ward, NPS/Grand Canyon NP 
Jodi Whittier  NPS/SCPN (formerly) 
 
BACKGROUND  
A two-day faunal workshop was held to develop a prioritized list of candidate vital signs relating to faunal 
populations and communities.  The workshop was attended by experts from NPS, cooperating agencies 
and private organizations, the academic community and park staff. The workshop was held concurrently 
with a workshop on floral populations and communities.   
 
Workshop Scope:  The scope of the discussion included 1) species or species groups of high 
conservation concern (i.e. federally-listed, in-decline, endemic, relictual, etc., 2) species or species groups 
indicative of ecosystem condition, and 3) stressors (e.g. bullfrogs or cowbirds).    
  
WORKSHOP SUMMARY 
 
Evaluating Candidate Vital Signs  
Following an overview of the NPS I&M program and SCP network, Dave Mattson led a discussion 
regarding a potential conceptual framework for considering faunal monitoring needs. 
 
Conceptual Framework for Faunal Vital Signs Selection.  This framework was premised on the idea that 
only a limited subset of fauna will be useful for monitoring ecosystem structure and function, primarily 
because focal features of structure and function are often better measured directly.  In theory, faunal 
elements that warrant monitoring include those that have high intrinsic value, that efficiently integrate 
focal features of ecosystem structure and function (i.e. efficient indicators), or that have the potential to 
transform or have other major effects on ecosystems (i.e., stressors or ecosystem engineers).  The idea 
of “trailing indicators” and “leading indicators” was also introduced.  Trailing indicators are faunal 
measures that lag behind, or are caused by, driver- or stressor-induced changes in ecosystem structure 
or function.  Leading indicators are faunal measures that in some way foreshadow ecosystem change, 
typically because the measured faunal element has the ability to transform ecosystems.  In theory, and all 
else equal, leading indicators are of greater value than trailing indicators for monitoring ecosystems.  

                                                 
* Marilyn Colyer was unable to attend the workshop, but ranked the candidate vital signs at a later date 
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These considerations are a logical basis for the following conceptual framework and implicit selection 
criteria for faunal elements in a monitoring network: 
  

1) Of intrinsic value or interest 
a. Listed species (emphasizing species listed under federal policies) 
b. Vulnerable species (species in decline, whose ranges are highly fragmented, or that exist 

primarily as small populations)  
c. Endemic species 

2) Efficient indicators (trailing indicators) 
a. Of focal ecosystem structure and function 
b. Of “resource issues” (i.e., issues such as invasive exotics, land use on adjacent lands, 

seeps and springs) 
3) Stressors or ecosystem engineers (leading indicators; e.g., bullfrogs, browsers and grazers such 

as elk and mule deer, prairie dogs, cowbirds, bark beetles) 
 
Additional considerations when selecting efficient indicators or ecosystem engineers for monitoring 
include distribution, niche width, and scale of sensitivity to change in ecosystem structure and function.  
For some purposes, elements that occur in numerous NPS units will be of more value for monitoring 
compared to elements that occur in only a few units.  Likewise, indicators or stressors with broad 
ecological niches will potentially rank higher for monitoring compared to elements with narrow niches.  
Scale is also a consideration because wide-ranging long-lived animals such as cougars will be sensitive 
to effects or processes at much coarser grains compared to less mobile, shorter-lived animals, such as 
tassel-eared squirrels.  Squirrels will better indicate features such as meso-scale forest structure whereas 
cougars will better indicate features such a broad-scale human impacts.  These considerations are a 
logical basis for the following additional selection criteria or issues: 
 

4) Spatial occurrence or range extent (e.g., frequency in Parks) 
5) Ecological extent (e.g., niche breadth) 
6) Temporal and spatial scale of sensitivity or effect (e.g., “grain”) 

  
Habitat Framework for Faunal Vital Signs Selection.  Selection of species-based monitoring elements 
faces a unique challenge compared to selection of structure or process-related elements because 
species have niches.  In other words, a species may meet selection criteria, but exhibit such a limited 
niche or habitat distribution that it may be of limited value.  Or, if a species is being discussed or ends up 
being ranked highly, it is important to know what part(s) of NPS unit ecosystems it is relevant to.  Broad 
habitat zones, or types, can provide a framework that facilitates defining the potential scope of relevance 
for a given species or species group.  Habitat zones, or broad types, can also provide a framework for 
parsing out differences in the nature and importance of drivers and stressors as a function of broad 
differences in climate and vegetation structure.  For these reasons, we used the following classification of 
habitats in Southern Colorado Plateau National Parks to assist in selection of faunal indicators (with key 
drivers and stressors identified for each): 
 
Mixed Conifer/Aspen   

Drivers – Zonal climatic and atmospheric conditions (precipitation, wind, radiant energy, CO2, 
N2), drought, fire, insects. 
Stressors – Grazing, timber harvest. 

Ponderosa Pine/Oak 
Drivers – Zonal climatic and atmospheric conditions, fire, insects, drought. 
Stressors – Grazing, timber harvest. 

Pinyon/Juniper  
Drivers – Zonal climatic and atmospheric conditions, drought, insects, fire. 
Stressors – Grazing. 

Greasewood/saltbush 
Drivers – Zonal climatic and atmospheric conditions, drought. 
Stressors – Invasives, grazing. 
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Sagebrush 
Drivers –  Zonal climatic and atmospheric conditions, drought, fire. 
Stressors – Grazing, invasives.  

Desert Grasslands  
Drivers – Zonal climatic and atmospheric conditions, drought, fire, insects. 
Stressors – Invasives, grazing  

Riparian Woodlands 
Drivers – Zonal climatic and atmospheric conditions, flood regime, water table levels, drought, 
and fire. 
Stressors – Dam regulation, invasives, grazing, and recreation. 

Springs and Seeps  
Drivers – Zonal climatic and atmospheric conditions, drought, and water table levels. 
Stressors – Invasives, grazing, recreation. 

 
Selection Process and Related Discussion.  Following individual work to generate potential vital signs, the 
group held an afternoon discussion to merge similar ideas, clarify the intent of particular vital signs and 
refine the list.  The following morning, the group devoted more discussion to clearly defining each 
candidate vital sign and further refining the list.  In the end, twenty-three faunal vital signs emerged from 
the nomination process (Table 22).   
 
We used the workgroup’s mean scores from the ranking process for each candidate vital sign in a two-
step evaluation process.  In the first step, we used the criteria for ecological and management 
significance to identify the most important vital signs (Table 23).   
 
In the second step, we used the scores from all four criteria areas (ecological significance, management 
significance, feasibility and cost of implementation, and data utility and application) to evaluate the 
candidate vital signs (Table 24).  Participants were also asked to select the single most important vital 
sign, the top 3 signs, and the top 5 signs that they would choose to monitor (Table 25).   
 
During their concluding discussion, several participants observed that most of the highly ranked vital 
signs were associated with spring or riparian habitats.  While everyone agreed on their importance, some 
were concerned that the group had not adequately addressed faunal priorities in dryland habitats.  The 
group decided to repeat the ‘set exercise’, this time focusing on the top 1, 3 and 5 vital signs in dryland 
habitats (Table 26).   
 
Table 22.  List of 23 candidate vital signs nominated by the faunal workshop participants.   

Candidate Vital Signs 
Mexican spotted owl Pumas 
SW willow flycatcher Diurnal lizards  
Rare native fish species Toad-like anurans  
Amphibians at water sources  Habitat-based bird communities 
Disjunct and relictual mammals, herps Black bears 
Endemic vertebrates Habitat-based small mammal communities  
Riparian bird communities  Aquatic macroinvertebrates 
Sagebrush/shrubland/grassland bird community Brown-headed cowbirds 
Corvid species  Outbreaking insects  
Elk and muledeer Habitat-based terrestrial & aerial arthropods 
Bats Spring-associated aquatic/terrestrial invertebrates 
Fossorial mammals   
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Candidate Vital Sign Descriptions 
 
Mexican Spotted Owl:  This is a federally listed species, a driver of management decisions in the many 
National Parks in both the Southern and Northern Colorado Plateau, an indicator of human activity, and 
has intrinsic value.  Metrics for monitoring include tracking density, abundance and the percentage of 
occupied territories within parks, using standardized protocols established by the USFWS. 
 
Southwestern Willow Flycatcher:  This is a federally listed species, with limited distribution within the 
SCP network parks, with no recent breeding records within the network, only migrants have been 
detected during stopover migration.  Metrics used in monitoring are standardized surveys to document 
presence and abundance across the migration and breeding season across many years. 
 
Rare native fish species:  These include state and federally listed species, and are indicators of 
systems in decline.  Within Grand Canyon National Park, these species are monitored by the Grand 
Canyon Monitoring and Research Center (GCMRC); species that may not be covered by the GCMRC 
may include speckled dace, Colorado pike minnow, and razorback sucker.  The status of rare native fish 
is unclear in the Dirty Devil and Escalante Rivers.  Suggest monitoring trends in absolute abundances. 
 
Amphibians at water sources:  These species are declining, and are very responsive to environmental 
change and various stressors.  As such, they are sensitive indicators of the health of water sources and 
are reflective of both terrestrial and aquatic changes.  They also are an indicator of a system in decline 
and of paramount conservation concern.  There is a global awareness of their decline, so they are a 
flagship group.  Monitoring should track species composition/relative abundance. 
 
Disjunct and relictual mammals, herps:  Disjunct mammal and herp populations are disconnected from 
other more contiguous populations of the same species.  Relictual populations (e.g., boreal mammals, 
mountain treefrog, ranid frogs, and herps) consist of isolated populations of a species once found over a 
wider area but now reduced to pockets of suitable habitat over part of its former range.  Thus, these 
populations consist of unique species that are sensitive to global climate change and management action, 
once extirpated they are unlikely to return, and they are populations otherwise not represented in the vital 
signs. In particular, relictual mammals are boreal and sensitive indicators of global climate change.  Herps 
in this category (e.g., whiptail, milk snake) are threatened by poaching.  Monitoring would include tracking 
their persistence and relative abundance and could provide information on global climate change.   
 
Endemic vertebrates:  These species are restricted to one or a few localities in their entire distribution, 
are usually confined to geographic islands, and thus are vulnerable to extinction.  They are sensitive to 
global climate change and management actions.  They include a suite of  unique species and many have 
special status protection (e.g., little Colorado Spinedace, Jemez Mt. Salamander, Wupatki Pocket Mouse, 
Steven’s wood rat, and many invertebrate species).  The Jemez Mt. Salamder is under a multi-agency 
conservation agreement and the Lower Colorado River Spindace is federally listed.  Their 
presence/absence and relative abundance (for the Jemez Mt. Salamander) should be monitored. 
 
Riparian bird communities:  These include many species that have been identified as species of 
conservation concern and have high public awareness (e.g., Southwestern Willow Flycatcher, Yellow-
billed Cuckoo, and Lewis’s Woodpecker).  They are indicators of a system in decline (i.e., riparian 
system), that has experienced significant shifts in habitat and water quality, of which NPS sites serve as a 
reference condition.  Many riparian birds are neotropical migrants and are indicative of intercontinental 
human impacts.  They also have intrinsic value to the public.  They are relatively easy to measure and 
monitor using an index of relative abundance or density. 
 
Sagebrush/shrubland/grassland bird community:  Many bird species in this community are declining 
and are of conservation concern (e.g., Sage Grouse, Loggerhead Shrike, Brewer’s Sparrow, and 
Ferruginous Hawk).  They are indicators of habitat systems in decline due to disruptions to the natural fire 
regime, invasion of exotic plants, grazing, habitat conversion and fragmentation. NPS sites serve as a 
reference condition for these systems. They are relatively easy to measure and monitor using an index of 
relative abundance or density. 
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Corvid species:  These include ravens, crows, magpies and jays.  They are indicators of the level of 
human disturbance both inside and surrounding many SCP National Parks, and each species can have a 
focal impact on vertebrate populations, especially many bird communities (i.e., nest predators), in and 
surrounding the parks.   Also, as a group they are susceptible to the West Nile Virus and may be the 
initial indicators of its presence and spread.  Monitoring change in abundance is relatively easy; they are 
highly detectable. 
 
Elk and muledeer:  These are focal species that can be considered stressors that can have major effects 
on vegetation and the structure of the ecosystem; they often drive many management decisions (e.g. 
grazing, fire and harvesting practices).  They also act as indicators, which are sensitive to the availability 
of free water (elk); they are charismatic; there are known issues with overabundance & decline; and also 
they are subject to chronic wasting disease.  Metrics for monitoring include distribution and relative 
abundance.  
 
Bats:  They represent a pool of species that occur regionwide.  As a group they are considered focal 
species in that they have a significant functional role as nocturnal insectivores.  They are sensitive to a 
variety of disturbances/system changes.  They are strongly linked to insect availability, are 
bioaccumulators, long-lived, and may be good indicators for monitoring contaminants.  Additionally, they 
are listed as species concern (with collaborative potential) at the state level in New Mexico, Utah, 
Colorado and Arizona, and are of conservation concern nationally. Metrics for monitoring include 
distribution and relative abundance.  
 
Fossorial mammals:  These are mammals that are adapted for digging and that form burrows.  Some, 
such as prairie dogs and ground squirrels, are keystone or focal species, in that they have significant 
functional roles in ecological systems. They promote soil disturbance and have vegetation impacts.  They 
are also of management concern because they can impact cultural resources such as archeological sites.   
Potential monitoring metrics include tracking their distribution and abundance.  
  
Pumas:  They are considered focal species in that they exert top-down control and integration of the 
ecosystem, playing a significant role in structuring the environment.  They are sensitive to management 
on non-park jurisdictions and can be an indicator of urban interface concerns.  Their distribution and 
relative abundance can be monitored using hair-snaring methodologies. 
 
Diurnal lizards:  These include, but are not limited to, the side-blotched lizard, tree lizard, Eastern fence 
lizard and whiptail lizards.  They play a dominant role in ecosystems just per their presence.  Because 
they are short-lived and undergo distributional shifts, they are quickly responsive to environmental and 
climate changes.  They occur across the network, inhabit a large proportion of habitats contained in SCP 
National Parks, and their distribution and relative abundance are relatively easy to measure. 
 
Toad-like anurans:  Included in this group are both spadefoot toads and true toads.  Toad-like anurans 
occur across the SCP network and are very sensitive to ecosystem change.  They are also relatively easy 
to monitor using night driving methods, which can also, indirectly, provide information on breeding.  
 
Habitat-based bird communities:  This consists of monitoring of birds in habitats that are widely 
distributed across the network such as pinyon-juniper, ponderosa pine, shrubland/grassland, and riparian 
habitats.  Many bird species are obligates of these particular habitats, are sensitive to stressors and 
habitat changes, and many are declining due to the health of these habitats.  For many of these habitats, 
NPS sites serve as a reference condition.  Also, many birds are neotropical migrants and are indicative of 
intercontinental human impacts.  They also have intrinsic value to the public.  Consequently, many 
species have been identified as species of conservation concern by multiple agencies and groups.  They 
are relatively easy to measure and monitor using an index of relative abundance or density and 
information can be integrated with habitat monitoring and monitoring of other taxa. 
 
Black bears:  They are of conservation concern because of their rarity and low density in many SCP 
National Parks.  They are sensitive to ecological changes such as the loss of pinyon pine and free water, 
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thus they are indicators of ecosystem status.  They are affected by management decisions and by within-
park and adjacent ecosystem conditions.   Distribution and relative abundance can be monitored using 
hair-snaring methods  
 
Habitat-based small mammal communities:  The main concern within this community, were the 
grassland small mammals, including pocket mice and kangaroo rats that are good indicators of grassland 
ecosystem health.  A diversity of species occurs widely across the network; they are responsive to climate 
changes, and play important roles in ecosystem function (e.g., seed caching, herbivory, burrowing, and 
seed predation).  Some parks (i.e., the more urban parks such as Petroglyphs National Monument have 
identified the effects of feral animals on small mammals as of major concern.  Suggested metrics for 
monitoring are distribution and relative abundance.  
 
Aquatic macroinvertebrates:  These are larger-than-microscopic invertebrate animals. Freshwater 
macroinvertebrates include aquatic insects, worms, clams, snails, and crustaceans.  They respond 
quickly to change.  Because of their abundance, sensitivity to environmental impacts, and well-
understood relationship to water quality and integrity, they are widely used in biomonitoring programs for 
assessing water quality and aquatic ecosystem health.  In addition to being good indicators of aquatic 
health, spring associated aquatic/terrestrial arthropods are listed as species of concern in which many of 
these habitats are endangered.  Suggested metrics for monitoring are species diversity and relative 
abundance.  
 
Brown-headed cowbirds:  Cowbirds are stressors in their own right in that they have direct impacts on 
songbird populations, including neotropical migrants.  They are also indicative of land use management 
practices outside the parks (i.e., they increase in numbers due to urbanization, habitat fragmentation, and 
livestock grazing) and impact resources within many SCP National Parks.  They are of concern network-
wide and are easily monitored, using well-established methods to measure distribution and relative 
abundance. 
 
Outbreaking Insects: These include bark beetles and spruce budworm, which act as focal species in 
that they are capable of driving ecological system change, and can have a disproportionate contribution 
to structuring the environment.  They are found in many habitats that comprise the majority of the parks 
and they are of broad concern in many SCP National Parks.  It was proposed that monitoring their relative 
abundance, and the damage caused by outbreaks, be integrated with the monitoring of other taxa, 
including invasive species monitoring, to see how these respond to varying conditions. 
 
Habitat-based terrestrial & aerial arthropods:   Arthropods may serve as indicators and include 
species sensitive to change.  They are sensitive to pollution, climate change, habitat alteration and fire, 
and are strongly linked to plants and vertebrate communities.  A community-based monitoring approach 
would be used, looking at assemblages rather than individual species.   Yet, monitoring may be 
problematic because relatively little is known about arthropod life histories; more information is needed on 
their biology and interrelationships.  It would be difficult to monitor terrestrial-aerial arthropods in their 
entirety, and there is considerable temporal variation in arthropod richness and abundance. 
     
Spring-associated aquatic/terrestrial invertebrates:  Springs support a high diversity of terrestrial and 
aquatic invertebrates.  Stevens (2003) reported 93 aquatic and 199 terrestrial invertebrate taxa in a 
recent inventory from 10 springs emanating from the Redwall Limestone aquifer of Grand Canyon.  A 
number of aquatic taxa require springs or spring-fed streams, and some may be indicative of perennial 
flow.  Many are sensitive to aquatic integrity/water quality and others are dependent on riparian cover and 
microclimates associated with springs.  Thus they are indicative of the overall health of spring 
ecosystems.  Springs also support rare and endemic invertebrates that warrant management concern in 
their own right.  Suggested metrics for monitoring are species diversity and relative abundance.  
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Table 23.  Mean scores for ecological and management significance for 23 candidate vital signs 
proposed by faunal workshop participants.   

Candidate Vital Sign 

Ecological 
Significance 
(Mean Score) 

Management 
Significance(Mean 

Score) 

Average of 
Management and 

Ecological 
Significance 

Aquatic macroinvertebrates 9.91 6.39 8.15 
Rare native fish species 9.26 6.76 8.01 
Riparian bird communities 8.80 6.85 7.83 
Amphibians at water sources 9.35 6.11 7.73 
Spring-assoc. aquatic/terrestrial 
invertebrates 

8.80 6.67 7.73 

Elk and muledeer 7.87 7.41 7.64 
Outbreaking insects 7.87 7.13 7.50 
Habitat-based bird communities 8.71 6.20 7.46 
Mexican spotted owl 6.85 7.50 7.18 
Fossorial mammals 8.34 5.83 7.08 
Sagebrush/shrubland/grassland 
bird community 

8.15 5.65 6.90 

Bats 8.15 5.56 6.85 
Pumas 6.76 6.39 6.58 
Habitat-based terrestrial & 
aerial arthropods 

7.78 4.54 6.16 

SW willow flycatcher 6.02 5.93 5.97 
Toad-like anurans 6.76 4.82 5.79 
Habitat-based small mammal 
communties 

7.69 3.61 5.65 

Endemic vertebrates 5.19 5.74 5.46 
Brown-headed cowbirds 5.28 5.37 5.33 
Disjunct and relictual mammals, 
herps 

5.56 5.00 5.28 

Black bears 5.56 4.91 5.23 
Diurnal lizards 6.30 3.43 4.86 
Corvid species 4.35 2.87 3.61 

 



Southern Colorado Plateau Network Phase Two – Appendix L – Topical Workshop Summaries 

L-46 

Table 24.  Mean weighted scores for candidate vital signs proposed by faunal workshop 
participants.   

Candidate Vital 
Sign 

Ecological 
Significance 
(weight = .35) 

Management 
Significance 
(weight = .35) 

Cost & Feasibility 
(weight = .15) 

Data Utility & 
Application 

(weight = .15) 
Final 
Score 

Aquatic macro-
invertebrates 3.47 2.24 1.40 1.32 8.43 
Amphibians at 
water sources 3.27 2.14 1.40 1.27 8.09 
Riparian bird 
communities 3.08 2.40 1.32 1.22 8.02 
Spring-assoc. 
aquatic/ terrestrial 
invertebrates 3.08 2.33 1.26 1.17 7.84 
Habitat-based bird 
communities 3.05 2.17 1.38 1.23 7.82 
Rare native fish 
species 3.24 2.37 1.03 1.08 7.72 
Outbreaking 
insects 2.76 2.50 1.14 1.06 7.45 
Sagebrush/ 
shrubland/ 
grassland bird 
community 2.85 1.98 1.43 1.19 7.45 
Elk and muledeer 2.76 2.59 1.10 1.00 7.45 
Fossorial 
mammals 2.92 2.04 1.25 1.20 7.41 
Mexican spotted 
owl 2.40 2.63 1.22 1.01 7.26 
Bats 2.85 1.94 1.10 1.11 7.01 
Toad-like anurans 2.37 1.69 1.35 1.07 6.47 
Habitat-based 
terrestrial & aerial 
arthropods 2.72 1.59 1.03 1.05 6.39 
Pumas 2.37 2.24 0.82 0.88 6.30 
SW willow 
flycatcher 2.11 2.07 1.10 0.95 6.23 
Habitat-based 
small mammal 
communties 2.69 1.26 1.25 1.01 6.22 
Brown-headed 
cowbirds 1.85 1.88 1.36 0.85 5.94 
Diurnal lizards 2.20 1.20 1.39 0.95 5.74 
Disjunct and 
relictual 
mammals, herps 1.94 1.75 1.03 0.95 5.67 
Endemic 
vertebrates 1.82 2.01 0.97 0.83 5.63 
Black bears 1.94 1.72 0.92 0.78 5.36 
Corvid species 1.52 1.00 1.29 0.67 4.49 
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Table 25.  Results of exercise asking participants to choose the top 1, 3 and 5 vital signs to 
monitor.   

Number of times vital sign was proposed in: 

Candidate Vital Sign  Top 1 Top 3 Top 5 
included 
in a set 

Habitat-based bird communities 6 10 11 27 
Aquatic macroinvertebrates 5 9 10 24 
Amphibians at water sources 2 8 12 22 
Riparian bird communities  5 6 11 
Habitat-based small mammal communities  3 8 11 
Outbreaking insects 1 3 4 8 
Habitat-based terrestrial & aerial 
arthropods  3 4 7 
Toad-like anurans 1 2 3 6 
Bats  1 4 5 
Diurnal lizards  2 3 5 
Elk and muledeer 1 1 3 5 
Disjunct and relictual mammals, herps  4 4 
Endemic vertebrates 1 1 2 4 
Fossorial mammals  1 3 4 
Spring-assoc. aquatic/terrestrial 
invertebrates  1 2 3 
Rare native fish species  1 2 3 
Mexican spotted owl  2 2 
Brown-headed cowbirds  1 1 
SW willow flycatcher  1 1 
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Table 26.  Results of exercise asking participants to choose the top 1, 3 and 5 vital signs to monitor in 
dryland habitats.   

Number of times vital sign was proposed in: 

Candidate Vital Sign  Top 1 Top 3 Top 5 
included 
in a set 

Habitat-based bird communities 9 11 15 35
Habitat-based terrestrial & aerial arthropods 1 7 12 20
Habitat-based small mammal communities 8 11 19
Diurnal lizards 1 4 9 14
Elk and muledeer 1 4 5 10
Bats 3 6 9
Outbreaking insects 2 6 8
Toad-like anurans 2 3 3 8
Fossorial mammals 1 3 4 8
Sagebrush/shrubland/grassland bird 
community 1 2 2 5
Disjunct and relictual mammals, herps 1 4 5
Mexican spotted owl   2 2 
Endemic vertebrates   1 1 
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Flora Populations and Communities 
Date:  April 6-7, 2004 
Location:  Northern Arizona University, Flagstaff, Arizona 
 
Participants:       Organizers/Participants: 
Dave Anderson, Colorado Natural Heritage Program  Chris Lauver, NPS/SCPN 
Monica Hansen, Northern Arizona University   Anne Cully, NPS/SCPN 
Tim Lowrey, University of New Mexico    John Spence, NPS 
Barb Phillips, USDA, Forest Service      
Renee Rondeau, Colorado Natural Heritage Program  Data Managers / Notetakers: 
Daniela Roth, Navajo Nation Heritage Program   Nicole Tancreto, NPS/SCPN 
Bob Sivinski, State of New Mexico (Forestry Div.)  Kate Watters, NAU 
Lori Makarick, NPS/Grand Canyon 
 
 
BACKGROUND 
A two-day workshop was held to develop a prioritized list of candidate vital signs relating to flora 
populations and communities that occur on the Southern Colorado Plateau.  The workshop was  
attended by experts from NPS, cooperating agencies, the academic community, and park 
representatives.  The workshop was held concurrently with a workshop on fauna populations and 
communities.   
 
Workshop Scope 
This workshop is one in a series to identify and evaluate vital signs for monitoring across SCPN parks.  
The scope of this workshop is to develop and evaluate monitoring candidates related to several floral 
categories, including:  
 
1) Individual plant species that are rare or otherwise “of conservation concern.”  These include species  

 that are: endemic, listed as T&E, in significant decline across range, edge-of-range species or those 
with disjunct occurrences within the Colorado Plateau ecoregion, or are otherwise vulnerable, and 
floral groups associated with unique Colorado Plateau habitats (e.g., springs, sagebrush steppe,  
riparian corridors); and    
 
2) Ecological plant communities that are rare, at-risk, or otherwise “of conservation concern.”  Some  
potential examples include montane wet meadows, hanging gardens, and riparian shrublands and 
woodlands.  
 
 
WORKSHOP SUMMARY 
 
Evaluating Candidate Vital Signs 
 
Following presentations and discussions of the workshop objectives, significant park resources and 
issues, rare plants/endemics on the Colorado Plateau (by John Spence), and the vital sign selection 
process, the group (working individually) initially nominated 35 candidate vital signs.  Each sign was then 
discussed individually by the group, and as a result of discussion, the 35 signs were revised, modified, 
and combined into a total of 25 signs (Table 27).  A brief description of each vital sign follows Table 1. 
 
The average score for each vital sign using just the ecological and management significance criteria are 
shown in Table 28, and the final scores using all 4 areas of criteria are shown in Table 29.     
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Participants were also asked to identify various subsets of the 25 candidate vital signs shown in Table 27.  
They were asked to select the single, most important vital sign, the top 3 signs, and the top 5 signs.  
Results of these surveys are shown in Table 30.   
 
Discussion - Vital Signs Monitoring 
 
Following the discussion of the vital sign results, a group discussion was held to determine some 
recommendations for monitoring for 4 selected flora signs related to plant species.  Comments were 
recorded by the group on the following topics:  the role of NPS units in monitoring the sign, the monitoring 
urgency, suggested sampling strategies, sample monitoring questions, information gaps, key challenges, 
potential collaborations, and recommended monitoring temporal and spatial scales.  These collective 
comments are presented in Table 31.  Following this exercise, another group discussion was held to 
determine similar recommendations for 3 selected flora signs related to plant communities, and these 
comments are summarized in Table 32. 
 
 
 
Table 27.  List of 25 candidate vital signs nominated by the flora group. 

Candidate Vital Sign 

Hackelia gracilenta Nurse plants 
Active dune plant communities (sand dunes / 
cinder) Hanging gardens & related spring sites 

Ethnobotanical species Native riparian areas 

Astragalus schmolliae Potential rare plant habitat 

Astragalus deterior 
Small-patch disease outbreaks and changes to 
structure / composition 

Ground water/water table level in riparian 
communities and hanging gardens Orchid diversity / populations 

Cryptogamic crusts Small patch wetlands 

Native grassland communities Rare cryptogamic lichen communities 
Upland edaphic-defined vegetation with high 
levels of rare species Low elevation alkaline seeps and cienegas 
Rare plant populations and their reproductive 
biology (TES, G1, G2, endemic G3) 

Rare associations on unique Colorado Plateau 
(CP) substrates 

Endemic cacti Disjunct rare associations 

Relict communities Microhabitat communities 

Upland old-growth woodland / forest stands  
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Candidate Vital Sign Descriptions 
 
Hackelia gracilenta:  A rare, herbaceous plant (Mesa Verde stickseed) that is endemic to the 
MesaVerde area, and is ranked G2 by The Nature Conservancy (TNC).  Monitoring this species would its 
location, condition, and population status. 
 
Active dune plant communities (sand dunes / cinder):  Describes the location and extent of these 
rare, isolated, and unique plant communities where they occur within park units . 
 
Ethnobotanical species:  Describes the location and population status of traditionally collected 
plantsthat are currently being harvested from within park units.  
 
Astragalus schmolliae:  A rare, herbaceous plant (Schmoll's milkvetch) that is nearly endemic toMesa 
Verde National Park.  This species is ranked G1 by TNC, found in old-growth pinyon-juniper stands, and 
could function as an indicator of old-growth PJ stands.  Monitoring this species would document its 
location, condition, and population status. 
 
Astragalus deterior:  A rare, herbaceous plant (Cliff-palace milkvetch) that is nearly endemic to Mesa 
Verde National Park, and is ranked G1 by TNC.  Monitoring this species would document its location, 
condition, and population status. 
 
Ground water / water table level in riparian communities and hanging gardens:  This sign monitors 
the ground water/water table levels of riparian communities and hanging gardens that occur in park units.  
Monitoring these levels is important because the presence of and depth to water are key variables in the 
functioning of  these communities, and suites of rare and endemic plant species are dependent on the 
presence of water in these systems.   
 
Cryptogamic crusts:  Includes soil biotic crusts, lichens, mosses, nitrogen-fixing rhizobia, and 
mycorrhizial associations.  Biological soil crust communities may be considered as a focal community of 
arid upland ecosystems (in other words they are disproportionately important to ecosystem functioning).  
Biological soil crusts stabilize and protect soil surfaces from erosive forces, influence hydrologic 
processes such as water runoff and infiltration, and serve as a source of nitrogen (Belnap and Lange 
2001).     
 
Native grassland communities:  Describes the location, extent, and condition of native grasslands that 
occur within park units, including monitoring the plant community structure and plant species composition. 
 
Upland edaphic-defined vegetation with high levels of rare species:  Describes the location, extent, 
and condition (including community structure and species composition) of these small-patch plant 
communities dominated by endemics.  These are rare plant communities composed mainly of rare plants, 
and may be dominated by either shrub or herbaceous species. 
 
Rare plant populations and their reproductive biology (TES, G1, G2, endemic G3):  Describes the 
distribution, density, condition and reproductive biology/behavior of rare plants that are either federally 
listed as threatened or endangered, are ranked G1 or G2 by TNC, or are endemic G3 plants. 
 
Endemic cacti:  Describes the distribution, density, and condition of several endemic cacti, including 
Pediocactus spp. and Sclerocactus spp..  These plants occur on unique habitats that are subjected to 
several impacts, and their populations may be declining.  
 
 
Relict communities:  Describes the location, extent, and condition of isolated, rare, and relictual plant 
communities that contain unique vegetation assemblages; examples include aspen stands in Betatakin 
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Canyon in Navajo NM, and low elevation Douglas fir stands in Grand Canyon NP and Canyon de Chelly 
NM. 
 
Upland old-growth woodland / forest stands:  Describes the location, extent, and condition of upland 
old-growth stands, including pinyon juniper stands in Mesa Verde NP, and high elevation old-growth 
Ponderosa pine stands. 
 
Nurse plants:  Describes the population status of plants that facilitate growth of other plants; these plants 
include Fallugia paradoxa, and Larrea spp. 
 
Hanging gardens & related spring sites:  Describes the location and condition of hanging garden 
communities and springs related to these communities.  Hanging gardens are disproportionately 
important on the Colorado Plateau because of the populations of rare and endemic plants that occur at 
these sites. 
 
Native riparian areas:  Describes the location, extent, and condition of native riparian woodlands, 
shrublands, and herbaceous communities from desert to montane environments.  The monitoring 
emphasis is on relatively intact riparian areas dominated by native species; although riparian areas are a 
minor component of the landscape, they are disproportionately important on the Colorado Plateau 
because of their contribution and importance to flora and fauna biodiversity, and condition of watersheds. 
 
Potential rare plant habitat:  Describes the location, extent, and condition of potential habitats for rare 
plants that are currently unoccupied by rare plants.  This information would be useful in determining why 
rare plants occur in some areas and not in others, and for documenting new occurrences of rare plants.  
Many of these potential habitats are under threat of disturbance from anthropogenic development (e.g., 
oil and gas development). 
 
Small-patch disease outbreaks and changes to structure / composition:  Describes the location, 
extent, and changes to plant community structure and composition created by small-scale disease 
outbreaks that may occur within small-patch communities of rare plants. 
 
Orchid diversity / populations:  Monitors the location, extent, population dynamics, and composition of 
orchid populations.  Orchids may serve as indicators of stable forests, woodlands, and wetlands. 
 
Small patch wetlands:  Describes the location, extent, and condition of small patch wetlands, such as 
montane wet meadows and emergent marshes. 
 
Rare cryptogamic lichen communities:  Monitors the location, extent, and condition of rare lichen 
communities, which may function as good indicators of air pollution. 
 
Low elevation alkaline seeps and cienegas:  Describes the location, extent, and condition of low 
elevation alkaline seeps and cienegas.  Plant communities at these sites are generally rare and may 
contain rare plant species. 
 
Rare associations on unique Colorado Plateau (CP) substrates:  Describes the location, extent, and 
condition of rare and new (unknown) plant associations that occur on badlands, shale, sandstone, and 
loose volcanic substrates. 
 
Disjunct rare associations:  Describes the location, extent, and condition of rare plant communities that 
are isolated and separate from their normal range of occurrence (disjunct). 
 
Microhabitat communities:  Monitors the location, extent, and condition of unique plant communities 
occurring on microhabitats; examples include window boxes, small-patch cryptogamic crusts, lava tubes, 
lava beds, outcrops, kipukas, and fallen log communities. 
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Table 28.  Prioritized list (with scores scaled to 10) of candidate vital signs from two sets of 
evaluation criteria, and their averages. 

Vital Sign 

Average 
Ecological 

Significance 
Score 

Average 
Management 
Significance 

Score 

Average of 
Ecol. and Mgmt. 

Significance 
Scores 

Native riparian areas 10.0 10.0 10.0 
Ground water / water table level in riparian 
communities and hanging gardens 9.5 9.2 9.3 

Hanging gardens and related spring sites 9.5 9.2 9.3 

Upland old-growth woodland / forest stands 9.5 8.2 8.8 

Cryptogamic crusts 8.7 7.5 8.1 

Native grassland communities 8.5 7.5 8.0 

Small patch wetlands 8.7 7.2 7.9 

Low elevation alkaline seeps and cienegas 8.7 7.0 7.8 
Rare plant populations and their 
reproductive biology 7.2 8.5 7.8 

Relict communities 7.7 7.8 7.8 

Upland edaphic-defined vegetation with high 
levels of rare species 7.5 7.3 7.4 

Rare cryptogamic lichen communities 7.3 6.5 6.9 

Rare associations on unique CP substrates 7.5 6.3 6.9 

Endemic cacti 5.8 6.5 6.2 

Active dune plant communities 6.8 5.3 6.1 

Small-patch disease outbreaks and changes 
to structure/composition 6.7 5.3 6.0 

Orchid diversity/populations 5.7 5.0 5.3 

Microhabitat communities 6.0 4.7 5.3 

Astragalus schmolliae 5.2 5.4 5.3 

Disjunct rare associations 4.8 4.3 4.6 

Astragalus deterior 3.5 5.0 4.3 

Nurse plants 5.3 3.2 4.3 

Ethnobotanical species 3.2 4.8 4.0 

Potential rare plant habitat 2.7 4.3 3.5 

Hackelia gracilenta 3.5 3.0 3.2 
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Table 29.  Prioritized list (with final scores scaled to 10) of candidate vital signs, generated by the 
additive scores from four sets of weighted evaluation criteria.    

Vital Sign 

Weighted* 
Ecological 

Significance 

Weighted* 
Management 
Significance 

Weighted* 
Feasibility and 

Cost of 
Implementation 

Weighted* Data 
Utility and 

Application 
Final 
Score 

Native riparian areas 3.5 3.5 1.1 1.4 9.6 
Hanging gardens and related 
spring sites 3.3 3.2 1.1 1.4 9.1 
Ground water/water table 
level in riparian communities 
and hanging gardens 3.3 3.2 0.9 1.3 8.7 
Upland old-growth woodland / 
forest stands 3.3 2.9 1.1 1.2 8.5 
Native grassland 
communities 3.0 2.6 1.3 1.2 8.1 

Cryptogamic crusts 3.0 2.6 1.1 1.3 8.0 

Small patch wetlands 3.0 2.5 1.1 1.3 7.9 
Rare plant populations and 
their reproductive biology 2.5 3.0 1.1 1.2 7.8 
Low elevation alkaline seeps 
and cienegas 3.0 2.5 1.1 1.2 7.7 
Upland edaphic-defined 
vegetation with high levels of 
rare species 2.6 2.6 1.1 1.2 7.5 

Relict communities 2.7 2.7 1.0 0.9 7.3 
Rare associations on unique 
CP substrates 2.6 2.2 1.1 1.1 7.0 
Rare cryptogamic lichen 
communities 2.6 2.3 1.0 1.1 6.9 

Endemic cacti 2.0 2.3 1.2 1.0 6.4 
Active dune plant 
communities 2.4 1.9 1.1 0.9 6.3 

Astragalus schmolliae 1.8 1.9 1.4 0.9 6.0 
Small-patch disease 
outbreaks and changes to 
structure / composition 2.3 1.9 0.7 1.0 5.9 

Orchid diversity / populations 2.0 1.8 0.9 0.9 5.5 

Microhabitat communities 2.1 1.6 0.8 0.9 5.4 

Astragalus deterior 1.2 1.8 1.4 0.7 5.1 

Disjunct rare associations 1.7 1.5 0.9 0.9 4.9 

Nurse plants 1.9 1.1 0.8 0.7 4.5 

Ethnobotanical species 1.1 1.7 0.9 0.7 4.3 

Hackelia gracilenta 1.2 1.0 1.4 0.5 4.2 

Potential rare plant habitat 0.9 1.5 0.9 0.7 4.0 
* The scored criteria from each set were initially scaled to 10, and then the following weightings were 
applied: for ecological and management significance, 35% each (maximum score = 3.5); for feasibility 
and cost of implementation, and data utility and application, 15% each (maximum score = 1.5). 
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Table 30.  Results from all participants showing the number of times a vital sign was picked as the 
single, most important sign, or as part of the top 3 or top 5 signs, and total number of times 
picked in any set.  

Number of times vital sign was proposed in: 

Candidate Vital Sign Top 1 Top 3 Top 5 Total in a set 

Native riparian areas 4 6 8 18 
Rare plant populations and their 
reproductive biology 3 6 7 16 

Ground water / water table level in riparian 
communities and hanging gardens 1 3 2 6 
Upland old-growth woodland / forest 
stands 1 2 5 8 
Rare associations on unique Colorado 
Plateau substrates 1 2 4 7 

Hanging gardens and related spring sites   5 9 14 
Upland edaphic-defined vegetation with 
high levels of rare species   4 4 8 

Cryptogamic crusts   2 3 5 

Relict communities     3 3 

Native grassland communities     2 2 

Astragalus schmolliae     1 1 

Ethnobotanical species     1 1 
Small-patch disease outbreaks and 
changes to structure/composition     1 1 
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Table 31.   Recommendations by the flora group on the role of NPS units, monitoring urgency, sampling strategies, sample monitoring 
questions, information gaps, key challenges, potential collaborations, and monitoring scales for 4 flora signs related to plant species.  

Candidate 
Vital Sign 

Role of NPS park 
units (do parks 
have the best 
populations / 
examples?) 

What is monitoring 
urgency / under 

what conditions? 
(consider stressors 

and disturbance 
regimes) 

Sampling strategies 
(how do we 
implement 

monitoring in 
space/time to be 
cost-effective?) 

Monitoring Questions     
(How best can we 

interpret changes in 
status and trends?  

What more do we need 
to know?) 

Info Gaps, Key 
Challenges, 

Potential 
Collaborations 

Scales (space 
and time) 

Upland 
edaphic-
defined 

vegetation 
with high 

levels of rare 
species 

lacking inventory 
data; NPS land 
has a better 
chance of better 
examples b/c of 
lack of multiple 
use (use as a 
baseline 
comparison); 
multiple parks 
may contain 
diverse array of 
substrate-based 
endemics 

depends on group; 
shale/cinder/dunes: 
ORV activity + oil/gas 
development = big 
threat.  Most/many 
endemics may be OK 
(except for maybe 
climate change), but 
important to know 
where they are, and 
to know them all.  
Roads are a concern 
(b/c introducing 
weeds) 

use geology 
maps/elevation/aspect/
veg maps as stratifier 
for sampling; see rare 
plants; apply rapid 
assessment 
techniques to rare 
plant spp. & 
communities 

How best to develop a 
monitoring protocol for 
group of rare plants?  
Potential for 
modeling/predicting 
species occurrences. 

Consult with BLM.  
Big info gaps with 
inventory (not 
mapped well, not well 
described).  Link with 
fine-scale veg. 
mapping & air photo 
interpretation. 

Sample every 
3 to 5 years, 
long-term 
monitoring 
(visit some 
more 
frequently to 
identify 
changes) 

Astragalus 
schmolliae 

Mesa Verde NP 
has best known 
populations 
(mainly in 1 patch 
of 500K plants + 
outliers; other pop 
in Mtn Ute Tribal 
Reservation) 

high; don't know what 
effects of the 2002 
fire are, and recovery 
potential?  may not 
handle well over long 
term (other threats= 
infrastructure 
development + visitor 
impacts on Chapin 
Mesa, + drought and 
predation) 

some sampling done 
w/belt transects and 
plots on burned vs. 
unburned; population is 
next to road 
(accessible) 

How will population 
respond to fire? and 
development? 
(distribution is mapped 
w/in 5 m);  Is population 
stable? 
Increasing/decreasing? 
(answer is complicated: 
population can remain 
dormant) 

lacking info on 
reproductive biology 
& phenology; also 
don't know how it will 
respond to fire; 
collaborate w/Mtn Ute 
tribe 

sample at 
least annually 
to detect 
trends for 5 
years, sample 
in May for 
seedlings (late 
May for repro) 
+ late June for 
seed set 
(choose good 
1-2 years) 
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Candidate 
Vital Sign 

Role of NPS park 
units (do parks 
have the best 
populations / 
examples?) 

What is monitoring 
urgency / under 

what conditions? 
(consider stressors 

and disturbance 
regimes) 

Sampling strategies 
(how do we 
implement 

monitoring in 
space/time to be 
cost-effective?) 

Monitoring Questions     
(How best can we 

interpret changes in 
status and trends?  

What more do we need 
to know?) 

Info Gaps, Key 
Challenges, 

Potential 
Collaborations 

Scales (space 
and time) 

Hanging 
gardens & 

related spring 
sites 

Parks have some 
of the best 
(Navajo Nation 
has good ones); 
GLCA has biggest 
and "best" of 
SCPN, other 
significant 
gardens in other 
parks. 

fairly high; threats = 
water development, 
grazing, feral 
animals, exotics, 
recreation, drought 
(climate change), fire 

may require rapelling; 
random stratification by 
size and substrate 
(may be some 
unknowns); look at 
discharge rates.  
Sensitive:be aware of 
destructive sampling 
(use photo-points and 
occular estimates), 
may be able to sample 
1 example of a cluster 

Problematic: each 
aquifer/groundwater 
recharge responds 
differently (some: water 
discharged is young); very 
sensitive to drought.  Are 
there trends?  Losing 
smaller ones, losing 
endemic spp, gaining 
weeds? 

GC Wildlands 
Council? (spring 
info).  Which springs 
have new vs. old 
water?  Need more 
inventory, more info 
on exotics & aquifers.  
Identify potential 
outside development 
affecting gardens. 

Sample every 
3 to 5 years, 
long-term 
monitoring 
(visit some 
more 
frequently to 
identify 
changes) 

Rare plant 
populations 

and their 
reproductive 
biology (TES, 

G1, G2, 
endemic G3) 

Compile/analyze 
existing info b/c 
we don't know 
much now; BLM 
in similar position.  
Know for a few 
species, but not 
most.  NPS has 
federal mandate 
(T&E) but trouble 
meeting this b/c of 
staffing, etc. (I&M 
needs to claim 
WASO money for 
plants).  Role of 
I&M: hi priority for 
tracking 
endemics, other 
non-listed G1 and 
G2 spp. 

urgent for TES, some 
endemics may be 
OK, but depends on 
stressors.  Pick 
indicators of 
fragmentation, 
climate change, etc. 
(regional trends), 
plus ones in danger 
of extinction, plus 
spp. sensitive to 
changes in 
management 

each spp may require 
its own sampling 
protocol; may be 
relatively easy to get at 
reproductive biology?  
May be able to group: 
e.g., annuals, 
succulents.  Could 
include use of integrity 
guidelines (using EO 
rank specs) for rapid 
assessment, ca. every 
5 years (to catch 
trends on large-scale), 
in conjunction with 
intense field sampling 
(->particularly with 
sensitive spp).  Need 
to define basic 
questions by spp. (and 
tailor sampling) 

more inventory; use multi-
tiered approach (need to 
use basic biology info to 
feed into protocols); 
assess if landscape-level 
trends exist (using rapid 
assessment techniques) 

inventory; basic 
biology of 
species.;assessment 
of NPS and other 
lands; BLM in similar 
process.  Heritage 
Programs, CESU, 
native plant societies, 
volunteer programs 
(e.g.,GC Trust), 
universities, 
agencies, tribes, 
scientists in parks 
program, parks that 
have foundations, 
Nat'l Fish and W 
Foundation (NFWF) 

depends on 
tier; start with 
every 3 to 5 
years; ESA 
status review 
every 5 years 
(check with 
F&W); 
reproductive 
biology is 
basically a 
one-time 
assessment 
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Table 32.   Recommendations by the flora group on the role of NPS units, monitoring urgency, sampling strategies, sample monitoring 
questions, information gaps, key challenges, and potential collaborations for 3 flora signs related to plant communities.  

Candidate 
Vital Sign 

Role of NPS park units (do 
parks have the best 

examples?) 

What is monitoring 
urgency / under what 
conditions? (consider 

stressors and 
disturbance regimes) 

Sampling strategies 
(how do we 
implement 

monitoring in 
space/time to be 
cost-effective?) 

Monitoring Questions   
(How best can we 

interpret changes in 
status and trends?  
What more do we 
need to know?) 

Info Gaps, Key 
Challenges, Potential 

Collaborations 

Native riparian 
areas 

Glen Canyon has good small 
patches of riparian (including TNC 
rare Salix goodingii community); 

also have 50 mi of Escalante 
corridor.  Smaller areas like 

Walnut Canyon &  Bandelier have 
good small riparian communities.  
First order tributaries better than 
main stem; Escalante still has 

good riparian.  Large river 
systems?  Parks have some 

ungrazed riparian areas.  Tributary 
canyon in Grand Canyon in good 

shape.  Riparian communities 
don't have a lot of rare species, 

but important for animal 
communities.  Riparian 

communities a vital sign for many 
groups; rare as a community even 

though species not necessarily 
rare.  Lack of grazing important; 
wilderness areas without grazing 
probably have important riparian 

communities.  Include intermittent 
or ephemeral washes (e.g., at 
Mesa Verde, Petrified Forest).  

Invasive species include 
Tamarisk, Russian Olive, 
Siberian elm, potential for 
invasions high.  Fire is a 

problem in riparian 
communities, often human 
caused (e.g. Glen Canyon 
camping).  Top stressors 

especially for large riparian 
areas is altered 

hydrological regime; + 
watershed issues (e.g., 

water taken for agricultural 
or other purposes); most 
watershed issues out of 
NPS control (e.g. dam 

construction, operation); 
visitor impacts on water 

quality and agricultural use 
of land and water (park 

decisions on management 
e.g. Canyon de Chelly); 

invasive grasses in 
ephemeral drainages at 

Mesa Verde.  

Potential role for remote 
sensing, aerial 

photography, satellite (?) 
or other digital imagery; 

at Canyon de Chelly, 
want to use aerial 

photography to find 
populations of exotics in 

side canyons; need 
assessment of pre-

invasive conditions to 
consider in restoration 

goals; important role for 
historical photos; on-the-

ground sampling may 
not be best way to 

detect changes; photos 
may be good way to 
monitor, along with a 
quick assessment of 

species composition and 
condition, recruitment, 

and substrate.  
Sampling non-natives 

important.   

Cover, composition, 
structure, stream flow (link 

to aquatic workshop); 
understanding natural 
hydrological regime, 

frequency of disturbance. 

Historical compostion and 
historical hydrological regime 
and frequency of disturbance; 

knowledge of watershed 
condition and flows; water use 

and control upstream (e.g. 
check dams at Canyon de 

Chelly, major dams); influence 
of beavers on riparian 

communities (e.g. Glen Canyon 
where beavers are cutting down 

mature trees); collaborators 
include BOR, tribes, BLM and 
USFS; need to develop rating 
system; there is HGM, a multi-

agency system; also a new 
method IBA (Integrated 

Biological Assessment), should 
find out more; NM Heritage 
developed classification for 

riparian and wetland 
communities; get copy of 

Colorado TNC classification and 
assessment of wetland and 
riparian areas (find on web); 

need for riparian classification 
on Colorado Plateau; 

challenges presented by 
managing a river corridor; 

potential challenge coming from 
increased energy development 

in San Juan Basin and other 
areas; potential effects from 

healthy forests initiative. 
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Candidate 
Vital Sign 

Role of NPS park units (do 
parks have the best 

examples?) 

What is monitoring 
urgency / under what 
conditions? (consider 

stressors and 
disturbance regimes) 

Sampling strategies 
(how do we 
implement 

monitoring in 
space/time to be 
cost-effective?) 

Monitoring Questions   
(How best can we 

interpret changes in 
status and trends?  
What more do we 
need to know?) 

Info Gaps, Key 
Challenges, Potential 

Collaborations 

Ground 
water/water 
table level in 

riparian 
communities 
and hanging 

gardens 

Ground water conditions 
influenced by conditions outside 
the park need to be accounted for. 

High urgency due to on-
going drought and use of 
water sources; long-term 
drought may have high 
impacts on hanging 
gardens; don't know how 
hanging gardens survive 
periodic drought; some 
evidence for long-term 
survival in relictual 
communities; ground water 
pumping outside park 
boundaries increasing; in 
some cases, this has a 
direct effect on aquifers 
that feed springs; changing 
precipitation patterns may 
affect ground water. 

Very expensive and time 
consuming, requiring 
wells for ground water 
and water table; 
monitoring discharge for 
springs is a surrogate for 
monitoring ground water 
directly. 

What influence do exotic 
tree and shrub species 
have on ground water?  
Are exotic species 
changing stream channel 
morphology?  How does 
agriculture affect ground 
water quality? 

What is natural range of 
variation in water discharge in 
hanging garden systems?  Is 

there an affect on these 
systems by water use by parks?  

Upland old-
growth 
woodland/forest 
stands 

Oldest Douglas fir in NA found in 
El Malpais; old growth PJ in Mesa 
Verde, Glen Canyon, Grand 
Canyon, perhaps Walnut Canyon; 
Wupatki for old growth juniper; El 
Morro alligator bark juniper and 
pinyon; lack of grazing and logging 
on most NPS lands; NPS lands 
less in area but in better condition 
than those on other lands. 

Stands have potential to 
disappear due to threats 
(e.g. fire); NPS 
management decisions 
about fire may sometimes 
be in error on timing and 
role in various ecosystems; 
climate change also may 
threaten; disease and 
predation; disturbance 
regimes not as frequent as 
for riparian communities; 
urgent to monitor if fire is 
used as management tool 
or accidental ignitions. 

Use traditional forest 
sampling techniques, 
structure, dbh, etc.; for 
woodland species, dgl 
(diameter at ground 
level) better; associated 
species in understory 
(e.g. orchids) important 
to monitor also; species 
composition of 
understory vegetatioin; 
orchids are indicators for 
old-growth in some 
situations; potential for 
different diameters of old 
growth at different 
elevations. 

Establish baseline in order 
to be able to detect change 
in future; understory may 
change more rapidly. 

Don't know if old-growth stands 
act as repositories for 
biodiversity that have been lost 
in other areas; paired sampling 
with other stands?  Don't know 
extent of old growth in past; also 
don't know current distribution of 
old-growth in parks; need to 
define old-growth for different 
species; USFS potential 
collaborator, check their 
definitions for old growth in 
ponderosa pine forests, and 
Douglas fir forests. 

 



Southern Colorado Plateau Network Phase Two – Appendix L – Topical Workshop Summaries 

L-60 

Wildland Values 
Date:  April 20-21, 2004 
Location:  Northern Arizona University, Flagstaff, Arizona 
 
Participants:       Organizers/Participants: 
Gary Bell, The Nature Conservancy    Chris Lauver, NPS/SCPN 
Heidi Kloeppel, Grand Canyon Wildlands Council  Steve Fettig, NPS/Bandelier 
Peter Landres, Aldo Leopold Wilderness Research Institute 
Dave Lime, University of Minnesota    Data Managers / Notetakers: 
Chris Luginbuhl, US Naval Observatory, Flagstaff  Julie Atkins, NAU/NPS 
Bob Manning, University of Vermont    Nicole Tancreto, NPS/SCPN 
Dave Ostergren, Northern Arizona University 
Linda Jalbert, National Park Service   
Fred Moosman, National Park Service 
Brad Shattuck, National Park Service 
Lisa Thomas, National Park Service 
Pat Thompson, National Park Service 
Paul Whitefield, National Park Service 

 
BACKGROUND 
A day and a half workshop was held to develop a prioritized list of candidate vital signs relating to 
wildland values on the southern Colorado Plateau.  The workshop was attended by experts from NPS, 
cooperating agencies, the academic community, and park representatives.     
 
Workshop Scope 
This workshop is one in a series to identify and evaluate vital signs for monitoring across network parks.  
In general, the scope of the workshop is on the qualities relating to human experience of wildlands.  
SCPN parks have identified these qualities as important park resources.  Values associated with 
wildlands include (among others) wilderness, natural soundscapes, and dark night skies.  Over 750,000 
hectares within SCPN parks are designated or proposed as wilderness.  We took a broad approach in 
discussing environmental elements that represent healthy wilderness and wildlands as viewed through 
the filter of users of such lands.  Monitoring the ecological and social conditions of wilderness may 
provide managers with information needed to preserve wilderness and wilderness-related qualities. 
Dark night skies, a hallmark of southwestern landscapes, can still be found in many SCPN units.  
Predominantly natural soundscapes still occur but are becoming rare.  Qualities such as natural quiet 
and dark night skies are considered here because of their societal value and because they may also be 
linked to ecological integrity.  
 
WORKSHOP SUMMARY 
 
Nominating and Evaluating Candidate Vital Signs 
Following presentations and discussions of the workshop objectives, significant park resources and 
issues, monitoring wilderness character (by Peter Landres), and the vital sign selection process, the 
group (working individually) nominated 45 vital signs.  Many of these signs were duplicative (e.g., 7 signs 
all pertained to dark night skies).  The 45 signs were discussed individually by the group and were 
revised, modified, and combined into a total of 24 signs (Table 33).   
 
To prioritize the vital signs, participants then evaluated each vital sign (working individually) by applying a 
set of criteria statements in four areas (ecological significance, management significance, feasibility and 
cost of implementation, and data utility and application).  Note:  Because the criteria statements posed in 
ecological significance did not apply well to some of the signs nominated for this workshop, it was 
recommended to amend the application of these statements to include “Ecological and social 
significance”.  The average score for each vital sign using just the ecological and management 
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significance criteria are shown in Table 34, and the final scores using all 4 areas of criteria are shown in 
Table 35.     
 
Results of the ranking surveys are shown in Table 36.  After reviewing the initial results (see Discussion 
below), the group decided to revise the initial list of vital signs and created a new, final list of signs.  To 
create a priority ranking of this final list of signs, the group reran the selection of sets, and these final 
results are shown in Table 37, with descriptions of the vital signs following the table.   
 
Discussion 
When the criteria and set results were presented to the group and discussed, there was a general 
consensus from the group that these results did not adequately reflect their priorities, nor were they the 
proper characterization of vital signs related to wildland values.  Several problems in the nominating and 
evaluation process were identified and discussed, including: 1) there was a lack of direction regarding the 
scope of the topic; 2) some signs were nominated and evaluated that were already covered by other 
workshops; 3) the lack of a conceptual model that could help guide the vital sign selection process and 
further define the workshop scope; 4) there was a discrepancy in the level of specificity of many signs 
(some were general, some were quite specific); and 5) more time was needed in discussing the initial list 
of nominated signs (to define, modify, and combine signs to achieve a more even level of specificity of the 
signs, and agreement on scope). 
 
Given this level of dissatisfaction with the initial results, the group then discussed several approaches on 
how to proceed.  The group initially considered spending time developing a conceptual model of wildland 
values, but given time constraints and the difficulty of modeling as a group exercise, this proposal was 
discarded.  However, Peter Landres did develop and present a brief form of a conceptual model (see 
Figure 2 below) that facilitated further discussion of vital sign definition and refinement.   
 
Figure 2.  A brief, conceptual model of wildland values developed by Peter Landres. 
 
 
WILDLAND VALUE = the benefits and meaning of experiencing a wild ecological system. 
 
Key attributes of experiencing wild ecological systems: 

• Natural water   
• Wildlife     Experiencing = Requires:  
• Cultural resources    1.  presence 
• Air quality     2.  opportunities (function of) 
• Disturbances      a. condition of attribute 
• Night sky      b. management setting 
• Ground-level darkness 
• Natural sound 
• Natural scenery 
• Solitude 

 
Threats: 

• Visitor use 
• Predator control 
• Dammed rivers 
• Exotic species (include livestock) 
• Surrounding land uses 
• Manipulation of ecological systems 
• Regulations 
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After discussing Peter’s model above, the group decided to review the list of highly-ranked vital signs, and 
to create a new, modified list that more directly aligned with their concepts of vital signs relating to 
wildland values.  In this exercise, the group dealt with some of the problems mentioned above in 
developing the new list, including:  throwing out signs that were either already covered by another 
workshop or were beyond the scope; retaining or creating signs that had a more even level of specificity 
(e.g., eliminating general signs); and retaining or modifying signs from the initial list and creating new 
ones to more directly capture and define a particular vital sign.  During this process, a supplemental list of 
signs was compiled (see list on next page) that were recommended as important signs related to wildland 
values, but were felt to be beyond the scope of this workshop or covered from other workshops; these 
signs were thus excluded from the final list.  The revised, final list of wildland values signs is shown in 
Table 37, with descriptions of each sign following the table.   
 
There was a brief discussion on how to achieve a priority ranking of the final list of signs.  The group 
decided not to go through the evaluation criteria forms again because of the problems in relating some of 
the criteria statements (particularly those in ecological significance) to the signs.  Thus, to create a priority 
listing for the final list, the group decided to redo the selection of the sets of signs (i.e., top 1, top 3, and 
top 5), and these results are shown in Table 37.   
 
Signs recommended by the Wildland Values group, but covered from other workshops or beyond 
the scope of this workshop: 
 
Air quality / visibility 
 
Climate / precipitation 
 
Biodiversity of selected taxonomic groups within NPS areas 
 
Surrounding land use 
 
Free-flowing water sources and condition  
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Table 33.  List of 24 candidate vital signs initially nominated by the wildland values group. 
Candidate Vital Sign 

Wildness experience quality Land use and management designation 

Status / trends of wilderness character Aggregate management actions over time 
Status / trends of wild ecological systems 
unmanipulated by modern humans Surrounding land use (changes in) 
Solitude (use level) Impacts of visitor use 
Sound Carrying capacity 
Night sky condition Park attendance 

Night landscape condition 
Fish and wildlife types, numbers, distribution, 
and habitat 

Air quality / visibility Climate / Precipitation (pattern) monitoring 
Natural scenery (characteristic of Colorado 
Plateau) Appropriate type and level of information 

Bolt & chalk-free cliff faces 
Biodiversity of selected taxonomic groups 
within NPS area 

Human development 
Status/trends in opportunities for visitors to 
experience a wild environment 

Free-flowing water sources and condition Status/trends of cultural resources 
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Table 34.  Prioritized list (with scores scaled to 10) of candidate vital signs from two sets of 
evaluation criteria, and their averages. 

Vital Sign 

Average 
Ecological 

Signficance 
Score 

Average 
Management 
Significance 

Score 

Average 
of Ecol. & 

Mgmt. 
Sign. 

Scores 

Climate / Precipitation (pattern) monitoring 9.36 9.36 9.36 

Free-flowing water sources and condition 9.36 8.85 9.10 
Biodiversity of selected taxonomic groups within 
NPS areas 9.36 8.34 8.85 
Status / trends of wild ecological systems 
unmanipulated by modern humans 9.49 8.21 8.85 

Air quality / visibility 8.85 8.46 8.66 

Sound 8.59 7.31 7.95 

Impacts of visitor use 7.31 8.34 7.82 

Night sky condition 8.46 7.18 7.82 

Status / trends of wilderness character 8.08 7.44 7.76 

Status / trends in opportunities for visitors to 
experience a wild environment 7.57 7.18 7.37 

Surrounding land use (changes in) 7.82 6.54 7.18 
Fish & wildlife types, numbers, distribution, and 
habitat 7.44 6.67 7.05 

Aggregate management actions over time 6.92 6.80 6.86 

Status / trends of cultural resources 6.41 7.31 6.86 

Solitude (use level) 7.18 6.16 6.67 

Natural scenery (characteristic of CP) 6.28 6.92 6.60 

Wildness experience quality 6.41 6.80 6.60 

Human development 6.03 7.18 6.60 

Land use and management designation 6.67 6.28 6.48 

Park attendance 5.26 7.05 6.16 

Night landscape condition 5.77 4.87 5.32 

Carrying capacity 4.62 5.77 5.19 

Type and level of information 2.69 4.87 3.78 

Bolt & chalk-free cliff faces 2.95 2.69 2.82 
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Table 35.  Prioritized list (with final scores scaled to 10) of candidate vital signs, generated by the 
additive scores from four sets of weighted evaluation criteria.    

Vital Sign 

Weighted* 
Ecological 

Signficance 

Weighted* 
Management 
Significance 

Weighted* 
Feasibility and 

Cost of 
Implementation 

Weighted* 
Data Utility 

and 
Application 

Final 
Score 

Free-flowing water sources 
and condition 3.3 3.1 0.9 1.3 8.6 
Climate / Precipitation 
(pattern) monitoring 3.3 3.3 0.9 0.9 8.4 

Air quality / visibility 3.1 3.0 1.0 1.2 8.3 
Biodiversity of selected 
taxonomic groups within NPS 
areas 3.3 2.9 0.7 1.2 8.1 
Status/trends of wild 
ecological systems 
unmanipulated by modern 
humans 3.3 2.9 0.7 1.1 8.0 

Sound 3.0 2.6 1.0 1.2 7.8 

Night sky condition 3.0 2.5 1.0 1.1 7.6 

Impacts of visitor use 2.6 2.9 1.0 1.1 7.6 
Status / trends of wilderness 
character 2.8 2.6 0.9 0.9 7.3 
Surrounding land use 
(changes in) 2.7 2.3 1.0 0.9 6.9 
Status / trends in 
opportunities for visitors to 
experience a wild 
environment 2.6 2.5 0.8 0.9 6.8 

Solitude (use level) 2.5 2.2 1.2 0.9 6.8 

Human development 2.1 2.5 1.2 0.9 6.7 

Wildness experience quality 2.2 2.4 1.2 0.9 6.6 
Fish & wildlife types, 
numbers, distribution, and 
habitat 2.6 2.3 0.7 1.0 6.6 

Park attendance 1.8 2.5 1.4 0.8 6.6 
Status / trends of cultural 
resources 2.2 2.6 1.0 0.8 6.5 
Aggregate management 
actions over time 2.4 2.4 0.9 0.8 6.5 
Land use and management 
designation 2.3 2.2 1.1 0.8 6.5 
Natural scenery 
(characteristic of CP) 2.2 2.4 0.9 0.9 6.5 

Night landscape condition 2.0 1.7 0.9 0.9 5.6 

Carrying capacity 1.6 2.0 0.6 0.7 5.0 

Type and level of information 0.9 1.7 1.0 0.5 4.1 

Bolt & chalk-free cliff faces 1.0 0.9 1.2 0.6 3.8 
* The scored criteria from each set were initially scaled to 10, and then the following weightings were 
applied: for ecological and management significance, 35% each (maximum score = 3.5); for feasibility 
and cost of implementation, and data utility and application, 15% each (maximum score = 1.5). 
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Table 36.  Initial results from all participants obtained from the 1st round of picking sets, showing 
the number of times a vital sign was picked as the single, most important sign, or as part of the 
top 3 or top 5 signs, and total number of times picked in any set.  

Number of times vital sign was proposed in: 
Candidate Vital Sign Top 1 Top 3 Top 5 Total in a set

Status / trends of wild ecological systems 
unmanipulated by modern humans 4 3 7 14 
Night sky condition 2 7 9 18 
Status / trends in opportunities for visitors to 
experience a wild environment 2 3 4 9 
Status / trends of wilderness character 2 2 3 7 
Wildness experience quality 2 1 4 7 
Climate / Precipitation (pattern) monitoring 1 1 1 3 
Sound   4 8 12 
Biodiversity of selected taxonomic groups 
within NPS areas   4 5 9 
Impacts of visitor use   4 4 8 
Free-flowing water sources and condition   3 4 7 
Solitude (use level)   3 3 6 
Air quality / visibility   2 4 6 
Status / trends of cultural resources   2 2 4 
Surrounding land use (changes in)     4 4 
Natural scenery (characteristic of Colorado 
Plateau)     1 1 
Carrying capacity     1 1 
Aggregate management actions over time     1 1 
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Table 37.  Final results from all participants obtained from 2nd round of picking sets, showing the 
number of times a vital sign was picked as the single, most important sign, or as part of the top 3 
or top 5 signs, and total number of times picked in any set.  

Number of times vital sign was proposed in: 

Candidate Vital Sign Top 1 Top 3 Top 5 Total in a set 

Night sky condition 3 6 9 18 

Experiental benefits 3 3 6 12 

Sound 1 5 11 17 
Physical evidence of modern 
development 1 5 6 12 

Solitude 1 5 5 11 

Impacts of visitor use 1 4 8 13 

Natural scenery 1 3 4 8 

Management imprint 1 2 4 7 

Ecosystem manipulations   1 1 2 

Night landscape condition     2 2 
 
 
Candidate Vital Sign Descriptions 
 
Night sky condition:  The visibility of stars and other natural components of night skies.  Dark night skies 
within park units are diminishing resources because of internal and external anthropogenic activities.      
 
Experiential benefits:  Includes monitoring several human-oriented benefits derived from experiencing 
wildlands.  These benefits include (but are not limited to) self-discovery, self-reliance, learning, 
comaraderie, interconnectedness with nature, and the “wow factor.” 
 
Sound:  Describes the natural soundscape condition (or biophony) of wildlands and adjacent areas, 
including anthropogenic sound and its effect on the natural soundscape. 
 
Physical evidence of modern development:  This sign monitors the physical presence or evidence of 
modern (post-settlement) development within or near wildlands, including (for example), bridges, trails, 
signage, fencing, and toilets. 
 
Solitude:  This sign monitors solitude within wildlands by tracking (for example) the number of people 
seen or heard by those experiencing wildlands (or the way in which the presence of people interferes with 
the experience of wildlands). 
 
Impacts of visitor use:  Monitors the physical impacts of visitor use (both ecological and aesthetic 
impacts), and includes tracking impacts such as litter, vandalism, social trails, campsite degradation, and 
human-damaged trees.  
 
Natural scenery:  Describes the viewshed of wildlands and their dynamics, including changes in their 
ecological attributes and in surrounding land use.  Monitoring this sign may be as simple as taking 



Southern Colorado Plateau Network Phase Two – Appendix L – Topical Workshop Summaries 

L-68 

photographs of representative or characteristic wildlands every 20 to 50 years, and evaluating observed 
change. 
 
Management imprint:  Describes the collective (modern) management actions that have occurred within 
wildlands, including permitting, regulations, zoning, park operations, and authorizations for manipulating 
ecosystems.  (Related to Land use and management designation vital sign that was nominated by the 
landscape group).   
 
Ecosystem manipulations:  Describes the administrative history of management actions taken on 
wildlands within park units (and surrounding lands if needed).  Monitoring this sign may include 
developing or acquiring spatial data sets that “map” the type and extent of various management actions. 
 
Night landscape condition:  Describes the direct visibility of light fixtures from within wildlands, resulting 
from fixtures within or near the wildland.  
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Appendix M:  Glossary of Key Terms and Concepts 
Sources include: 
NPS Inventory and Monitoring website; (http://science.nature.nps.gov/im/monitor/Glossary.htm). 
 
Miller, M.E., D. Sharrow and L. Cudlip. 2003.  Northern Colorado Plateau Vital Signs Network and 
Prototype Cluster Plan for Natural Resource Monitoring.  National Park Service, Moab, UT. 111 pp.  
 
Adaptive management – a systematic process for continually improving management policies and 
practices by learning from the outcomes of operational programs.  Its most effective form – “active” 
adapative management – employs the management programs that are designed to experimentally 
compare selected policies or practices, by implementing management actions explicitly designed to 
generate information useful for evaluating alternative hypotheses about the system being managed 
(http://science.nature.nps.gov/im/monitor/Glossary.htm). 
 
Attribute – any living or nonliving feature or process of the environment that can be measured or 
estimated and that provide insights into the state of the ecosystem. The term Indicator is reserved for a 
subset of attributes that is particularly information-rich in the sense that their values are somehow 
indicative of the quality, health, or integrity of the larger ecological system to which they belong (Noon 
2003; (http://science.nature.nps.gov/im/monitor/Glossary.htm). 
 
Degradation – an anthropogenic reduction in the capacity of a particular ecosystem or ecosystem 
component to perform desired ecosystem functions (e.g., degraded capacity for conserving soil and water 
resources).  Human actions may degrade desired ecosystem functions directly, or they may do so 
indirectly by damaging the capacity of ecosystem functions to resist or recover from natural disturbances 
and/or anthropogenic stressors (derived from concepts of Herrick et al.  1995, Ludwig et al. 1997, 
Whisenant 1999, Archer and Stokes 2000, and Whitford 2002). 
 
Disturbance --  “...any relatively discrete event in time that disrupts ecosystem, community, or population 
structure and changes resources, substrate availability, or the physical environment” (White and Pickett 
1985:7). In relation to monitoring, disturbances are considered to be ecological factors that are within the 
evolutionary history of the ecosystem (e.g., drought). These are differentiated from anthropogenic factors 
(stressors, below) that are outside the range of disturbances naturally experienced by the ecosystem 
(Whitford 2002). 
 
Driver (or ecosystem driver)  -- major external driving forces such as climate, fire cycles, hydrologic 
cycles, and natural disturbance events that have large scale influences on natural ecosystems.  
 
Dynamic soil properties – soil properties that vary in relation to management activities, climatic 
fluctuations, or natural disturbances (e.g. bulk density, infiltration capacity, soil-surface roughness, 
organic matter content, soil aggregate stability, biological soil crust cover and composition). 
 
Ecological integrity – a concept that expresses the degree to which the physical, chemical, and biological 
components (including composition, structure, and process) of an ecosystem and their relationships are 
present, functioning, and capable of self-renewal. Ecological integrity implies the presence of appropriate 
species, populations and communities and the occurrence of ecological processes at appropriate rates 
and scales as well as the environmental conditions that support these taxa and processes 
(http://science.nature.nps.gov/im/monitor/Glossary.htm). 
 
Ecological site – a kind of land with specific physical characteristics which differs from other kinds of 
land in its ability to produce distinctive kinds and amounts of vegetation and in its response to 
management (Society for Range Management Task Group on Unity in Concepts and Terminology 
1995:279). 
 

http://science.nature.nps.gov/im/monitor/Glossary.htm
http://science.nature.nps.gov/im/monitor/Glossary.htm
http://science.nature.nps.gov/im/monitor/Glossary.htm
http://science.nature.nps.gov/im/monitor/Glossary.htm
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Ecoregion (also called ecosystem region) = a large area of similar climate where similar ecosystems 
occur on similar sites (those having the same landform, slope, parent material, and drainage 
characteristics); for example, beach ridges throughout the Subarctic ecoregion usually support a dense 
growth of black spruce or jack pine (Bailey 2002). 
 
Ecosystem – a spatially explicit unit of the Earth that includes all of the organisms, along with all 
components of the abiotic environment within its boundaries (Likens 1992, cited by Christensen et al. 
1996:670). 
 
Ecosystem functioning – the flow of energy and materials through the arrangement of biotic and abiotic 
components of an ecosystem.  Includes many ecosystem processes such as primary production, trophic 
transfer from plants to animals, nutrient cycling, water dynamics and heat transfer.  In a broad sense, 
ecosystem functioning includes two components:  ecosystem resource dynamics and ecosystem stability 
(Díaz and Cabido 2001). 
 
Ecosystem integrity – see ecological integrity. 
 
Ecosystem management – the process of land-use decision making and land-management practice that 
takes into account the full suite of organisms and processes that characterize and comprise the 
ecosystem and is based on the best understanding currently available as to how the ecosystem works.  
Ecosystem management includes a primary goal of sustainability of ecosystem structure and function, 
recognition that ecosystems are spatially and temporally dynamic, and acceptance of the dictum that 
ecosystem function depends on ecosystem structure and diversity (Dale et al. 2000:642). 
 
Ecosystem sustainability --  see sustainable ecosystem. 
 
Endpoints – Ecosystem attributes of ecological and/or societal importance (Harwell et al. 1999). 
Endpoints may or may not be indicators of overall ecosystem condition (also referred to as assessment 
endpoints). 
 
Focal species / organisms – species / organisms that play significant functional roles in ecological 
systems by their disproportionate contribution to the transfer of matter and energy, by structuring the 
environment and creating opportunities for additional species / organisms, or by exercising control over 
competitive dominants and thereby promoting increased biological diversity (derived from Noon 2003:37). 
[Encompasses concepts of keystone species, umbrella species, and ecosystem engineers.] 
 
Functional groups – groups of species that have similar effects on ecosystem processes (Chapin et al. 
1996) – frequently applied interchangeably with functional types. 
 
Hydrologic function (upland systems) – capacity of a site to capture, store, and safely release water from 
rainfall, run-on, and snowmelt, to resist a reduction in this capacity, and to recover this capacity following 
degradation (Pellant et al. 2000). 
 
Hydrologic function (lotic and lentic systems) – capacity of an area to: 

• dissipate energies associated with (1) high stream flow (lotic); or (2) wind action, wave action, 
andoverland flow (lentic); thereby reducing erosion and improving water quality; 

• filter sediment, capture bedload, and aid floodplain development; 
• improve flood-water retention and groundwater recharge; 
• develop root masses that stabilize streambanks against cutting action; 
• develop diverse ponding and channel characteristics to provide the habitat and the water 

depth,duration, and temperature necessary for fish production, waterfowl breeding, and other 
uses; 

• support greater biodiversity 
 

(from Prichard et al. 1998, 1999) 
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Indicator (general use of term) – a term reserved for a subset of environmental attributes that is 
particularly information-rich in the sense that their values are somehow indicative of the quality, health, 
or integrity of the larger ecological system to which they belong (Noon 2003; 
http://science.nature.nps.gov/im/monitor/Glossary.htm). 
 
Indicators of ecosystem health (specific use of term) – measurable attributes of the environment (biotic or 
abiotic) that provide insights regarding (1) the functional status of one or more key ecosystem processes, 
(2) the status of ecosystem properties that are clearly related to these ecosystem processes, and/or (3) 
the capacity of ecosystem processes or properties to resist or recover from natural disturbances and/or 
anthropogenic stressors (modified from Whitford 1998). In the context of ecosystem health, key 
ecosystem processes and properties are those that are most closely associated with the capacity of the 
ecosystem to maintain its characteristic structural and functional attributes over time (including natural 
variability). 
 
Landscape – a spatially structured mosaic of different types of ecosystems interconnected by flows of 
materials (e.g., water, sediments), energy, and organisms. 
 
Measures -- the specific variables used to quantify the condition or state of an Attribute or Indicator (or 
vital sign). These are specified in definitive sampling protocols. For example, stream acidity may be the 
indicator, while pH units are the measure (from NPS Inventory and Monitoring website, 
http://science.nature.nps.gov/im/monitor/vsm.htm#Definitions). 
 
Natural variability – the ecological conditions, and the spatial and temporal variation in these conditions, 
that are relatively unaffected by people, within a period of time and geographical area appropriate to an 
expressed goal (Landres et al. 1999).   
 
Rangeland – land on which the indigenous vegetation is predominantly grasses, grass-like plants, forbs, 
or shrubs and is managed as a natural ecosystem. Rangelands include natural grasslands, savannas, 
shrublands, many deserts, tundra, alpine communities, marshes, and wet meadows (Society for Range 
Management 1999). For purposes of this document, we further include pinyon-juniper woodlands and 
oak woodlands in this definition. 
 
Reach or Stream Reach – A continuous part of a stream between two specified points. (From USGS 
Water Resources website  http://water.usgs.gov/pubs/circ/circ1208/glossary.htm) 
 
Reference conditions – the range of historic (or natural) variability in ecological structures and processes, 
reflecting recent evolutionary history and the dynamic interplay of biotic and abiotic conditions and 
disturbance patterns (Morgan et al 1994; Swanson et al. 1994). 
 
Resilience – the capacity of a particular ecological attribute or process to recover to its former reference 
state or dynamic after exposure to a temporary disturbance and/or stressor (adapted from Grimm and 
Wissel 1997). Resilience is a dynamic property that varies in relation to environmental conditions 
(Scheffer et al. 2001). 
 
Resistance – the capacity of a particular ecological attribute or process to remain essentially unchanged 
from its reference state or dynamic despite exposure to a disturbance and/or stressor (adapted from 
Grimm and Wissel 1997). Resistance is a dynamic property that varies in relation to environmental 
conditions (Scheffer et al. 2001). 
 
Soil quality – the capacity of a specific kind of soil to function, within natural or managed ecosystem 
boundaries, to sustain plant and animal productivity, maintain or enhance water and air quality, and 
support human health and habitation (Karlen et al. 1997:6). From an NPS perspective, soil quality is 
defined by a soil’s capacity to perform the following ecological functions: (a) regulate hydrologic 
processes; (b) capture, retain, and cycle mineral nutrients; (c) support characteristic native communities 
of plants and animals. Soil quality can be regarded as having (1) an inherent component defined by the 

http://science.nature.nps.gov/im/monitor/Glossary.htm
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soil’s inherent soil properties as determined by the five factors of soil formation, and (2) a dynamic 
component defined by the change in soil function that is influenced by human use and management of 
the soil (Seybold et al. 1999). 
 
Soil / site stability – the capacity of a site to limit redistribution and loss of soil resources (including 
nutrients and organic matter) by wind and water (Pellant et al. 2000). 
 
State – as applied to state-and-transition models, a state is defined as “a recognizable, resistant and 
resilient complex of two components, the soil [or geomorphic] base and the vegetation structure” 
(Stringham et al. 2003:109). These two ecosystem components interactively determine the functional 
status of the primary ecosystem processes of energy flow, nutrient cycling, and hydrology. States are 
dynamic and “... are distinguished from other states by relatively large differences in plant functional 
groups and ecosystem processes [including disturbance and hydrologic regimes] and, consequently, in 
vegetation structure, biodiversity, and management requirements” (Bestelmeyer et al. 2003:116).  
(Also see threshold and transition.) 
 
Stressor - any physical, chemical, or biological entity or process that can induce an adverse response 
(modified from EMAP Master Glossary, 
(http://www.epa.gov/emap/html/pubs/docs/resdocs/mglossary.html). For purposes of monitoring, 
stressors are considered to be anthropogenic factors that are outside the range of disturbances naturally 
experienced by the ecosystem (Whitford 2002). Compare with Disturbance, above. 
 
Sustainable ecosystem – an ecosystem “...that, over the normal cycle of disturbance events, maintains its 
characteristic diversity of major functional groups, productivity, and rates of biogeochemical cycling” 
(Chapin et al. 1996:1016). 
 
Tinaja – a type of waterpocket formed by the weathering and erosion of a rock basin over time.  Typically, 
tinajas form in incipient or established drainages that are mostly ephemeral or intermittent, and are re-
charged by precipitation from storms.   
 
Threshold – as applied to state-and-transition models, a threshold is a point “...in space and time at which 
one or more of the primary ecological processes responsible for maintaining the sustained [dynamic] 
equilibrium of the state degrades beyond the point of self-repair. These processes must be actively 
restored before the return to the previous state is possible. In the absence of active restoration, a new 
state... is formed” (Stringham et al. 2003:109). Thresholds are defined in terms of the functional status of 
key ecosystem processes and are crossed when capacities for resistance and resilience are exceeded. 
(Also see state and transition.) 
 
Transition – as applied to state-and-transition models, a transition is a trajectory of change that is 
precipitated by natural events and/or management actions which degrade the integrity of one or more of 
the primary ecological processes responsible for maintaining the dynamic equilibrium of the state.  
Transitions are vectors of system change that will lead to a new state without abatement of the stressor(s) 
and/or disturbance(s) prior to exceeding the system’s capacities for resistance and resilience (adapted 
from Stringham et al. 2003). (Also see state and threshold.) 
 
Vital signs – a subset of physical, chemical, and biological elements and processes of park ecosystems 
that are selected to represent the overall health or condition of park resources, known or hypothesized 
effects of stressors, or elements that have important human values. The elements and processes that are 
monitored are a subset of the total suite of natural resources that park managers are directed to preserve 
"unimpaired for future generations," including water, air, geological resources, plants and animals, and 
the various ecological, biological, and physical processes that act on those resources. Vital signs may 
occur at any level of organization including landscape, community, population, or genetic level, and may 
be compositional (referring to the variety of elements in the system), structural (referring to the 
organization or pattern of the system), or functional (referring to ecological processes) (from NPS 
Inventory and Monitoring website, http://science.nature.nps.gov/im/monitor/vsm.htm#Definitions). 
 

http://www.epa.gov/emap/html/pubs/docs/resdocs/mglossary.html
http://science.nature.nps.gov/im/monitor/vsm#Definitions
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